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I.   INTRODUCTION 

In  1951  13,000,000  short  tona  of  petroleum  asphalt  were  produced 
In  the  United  States  at  a  value  of  216  million  dollars  (19).  Of  this 
total  70  per  cent  was  used  for  paving,  24  per  cent  for  roofing  and  water- 
proofing and  6  per  cent  for  specialty  products  as  rubber,  molding  com- 
pounds and  paints.  These  materials  are  processed  by  a  variety  of 
methods,  one  of  the  most  Important  of  which  is  by  subjecting  a  residual 
stock  to  air  at  elevated  temperatures.  The  processing  of  asphaltlc 
residua  obtained  from  the  distillation  of  petroleum  ells  with  oxygen 
containing  gases  at  elevated  temperatures  is  known  as  air  blowing 
and  has  been  practiced  commercially  for  over  sixty  years  (7). 

According  to  the  present  practice  the  asphalt  residuun  is  blcwn 
at  about  450  to  575  °F.  at  a  rate  of  30  to  50  cubic  feet  of  air  per 
minute,  per  ton  of  asphalt,  for  a  period  of  5  to  12  hours  in  a  suitable 
reactor  vessel  (1).  Air  blowing  the  residuum  is  carried  out  in  either 
a  batch  or  continuous  operation.  In  a  batch  operation  the  asphalt  is 
contacted  with  air  by  either  blowing  or  sucking  the  air  through  the 
asphalt  charge.  In  continuous  blowing  the  stock  is  moved  through  one 
or  more  vessels  in  series  each  having  a  reaction  zone.  The  finished 
asphalt  is  removed  continuously  and  part  of  it  can  be  recycled  with 
fresh  feed.  The  asphalt  is  reacted  until  the  desired  product  consis- 
tency is  obtained. 

Asphalts  as  a  class  are  non-aqueous  colloidal  systems  of  very 
high  viscosity,  which  ray  have  the  character  of  either  a  sol  or  gel. 
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They  consist  principally  of  hydrocarbons  and  hydrocarbon  derivatives 
and  may  contain  groups  of  saturated  allphatlca,  naphthenlcs  or  cycle- 
paraffins,  allphatlca  with  oleflnlc  double  bonds  and  aromatlcs  (16). 

Exact  knowledge  of  the  chemical  composition  of  asphalts  la 
not  known  but  there  has  been  recognition  of  distinct  constituent 
groups  as  asphaltous  acids  and  anhydrides,  asphaltenes,  asphaltle  resins, 
petroleum  resins,  petroleum  oils,  carbenes,  carbolds  and  Inorganic  ma- 
terial . 

The  resulting  reaction  of  oxygen  with  asphalt  residuum  Is  gen- 
erally called  an  oxidation  process.  Actually  this  term  oxidation  is 
a  misnomer,  because  the  reaction  has  been  characterized  as  essentially: 
(a)  the  removal  of  a  small  amount  of  hydrogen  to  form  water  followed  by 
condensation  and  polymerization  of  the  hydrocarbons  (13),  (b)  the  addition 
of  oxygen  which  forms  unstable  compounds  from  which  water  is  eliminated 
leaving  unsaturated  compounds  which  polymerize  (18),  or  (c)  slow  poly- 
merization of  the  oils  and  resins  to  asphaltenes  (9). 

Air  blowing  of  asphalts  changes  the  Dhysical  properties  of  the 
residuum  whloh  results  in  increased  hardness,  gravity,  softening  point 
and  lower  ductility.  The  extent  of  these  changes  depend  on  the  original 
asphalt  and  the  prooesslng  and  condition!  to  which  it  is  subjected.  The 
chemical  and  polymerization  reactions  which  cause  these  effects  are  very 
complex  and  very  little  is  known  about  the  mechanism,  stoichlometry  or 
kinetics  of  the  reaction.   It  Is  known  that  the  air  blowing  process  Is 
an  exothermic  reaction  (6)  and  that  among  the  water  and  carbon  dioxide 
that  are  eliminated  are  also  oxygenated  hydrocarbons,  oil  vapor  and 
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mechanically  entrained  oil.  In  the  work  reported  by  Thurston  and  Knowles 
(18)  on  one  asphalt,  68  per  cent  of  the  weight  of  the  oxygen  that  was 
used  reacted  to  form  water  and  14  per  cent  formed  carbon  dioxide.  The 
remaining  unaccounted  for  oxygen  apparently  formed  other  oxygenated 
compounds.  Katz  (13)  found  that  oxygen  and  nitrogen  are  present  in  the 
products  in  very  small  amounts  at  Ring  and  Ball  softening  points  up  to 
200  °F.  and  only  to  an  extent  of  approximately  2  per  cent  in  very  high 
melting  samples.  Similar  results  (9)  were  also  obtained  for  a  different 
residuun  where  the  oxygen  content  and  the  change  in  quantities  of  oils, 
resins  and  asphaltenes  were  determined  for  the  air  blowing  process. 

The  literature  on  the  air  blowing  of  asphalt  is  very  limited 
outside  of  the  references  given  by  Abraham  (1)  on  patents.  A  series 
of  articles  by  Holland  (11)  and  more  recently  a  staff  article  by  Holberg 
(10)  constitute  about  the  only  detailed  discussions  on  the  asphalt  blowing 
process  from  a  manufacturer's  view  point.  Blakely,  et  al.  (5)  have  re- 
ported the  effect  of  agitation  on  air  blowing  Venezuelan  and  Mexican 
asphalts  on  a  pilot  plant  scale. 

Because  of  the  complex  nature  of  the  reactants  and  reaction  mecha- 
nism for  the  air  blowing  process,  the  degree  of  reaction  is  generally 
described  by  some  physical  property  of  the  reslduim.  The  rate  of  change 
of  this  property  in  turn  is  a  function  of  several  process  variables  as 
the  type  of  asphalt  residuum,  volume  of  the  reactor,  feed  gas  flow  rate, 
temperature,  degree  of  agitation  and  oxygen  content  in  the  feed  gas 
There  is  no  suitable  pilot  plant  or  laboratory  data  presently  ava 
to  correlate  and  relate  the  preceeding  process  variables  for  design 
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considerations  of  commercial  asphalt  blowing  units.  Therefore,  It  is 
the  object  of  this  investigation  to  present  principles  that  may  serve 
as  the  basis  for  design  and  operation  of  commercial  asphalt  blowing 
equipment.  These  principles  Include:   (a)  kinetic  equations  and  eva- 
luation of  reaction  rate  constants,  (b)  reaction  mechanism  Including 
kinetic  order  and  oxygen  utilization,  (c)  scale  up  procedures  from 
pilot  plant  equipment  to  industrial  processing  equipment. 


II.  THEORY 

A.  The  Asphalt  Blowing  Reaction 
The  gross  chemical  reaction  for  the  asphalt  blowing  process 
might  be  described  as  follows: 

Ar  *   °2  ♦  inerts -  A^  +  1^  +  003  +  H20  +  02  f  lnerts  ♦  AH 

where 

Ar  =  the  asphalt  charge  stock 

Aox  ■  the  composite  air  blown  asphalt  product 
not  removed  from  the  reacting  zone 

Lx  ■  the  composite  condensed  product  removed 

overhead  minus  C02,  H20  and  other  fixed  gases 

AH  =  the  heat  of  reaction 
To  arrive  at  this  gross  reaction,  the  actual  mechanism  could 
consist  of  a  series  of  progressive  reactions  described  In  the  following 
diagram: 


Ar  +  02-*AOl  +  °2— *A0z  +  02— *A0x  +  1C02  r  1H20  + 


Each  step  of  this  progressive  reaction  probably  yields  oxygenated 
compounds  of  unknown  and  complex  composition,  some  of  which  remain  in 
the  blown  asphalt  and  some  appear  as  overhead  products  as  designated 
by  L.  The  residual  material  Is  dehydrogenated  and  decarbonized  as 
shown  by  the  appearance  of  H20  and  C02.   Polymerization  also  occurs  to 
produce  a  product  with  an  Increase  In  viscosity  as  evidenced  by  the 
increase  In  Ring  and  Ball  softening  point.  No  information  is  available 
on  the  exact  chemical  reactions  occuring  either  as  the  above  gross  reaction 
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or  as  the  orogressive  reaction.  It  Is  necessary,  therefore,  to  study 
the  degree  of  chemical  reaction  in  terms  of  a  change  in  a  physical  pro- 
perty of  the  system  as  suggested  by  Frost  and  Pearson  (8) .  For  this 
study  the  physical  property  is  determined  ^s  the  Ring  and  Ball  softening 
point  by  the  A.  S.  T.  M.  method  D  36-26  U)   to  evaluate  the  gross  reac- 
tion from  Aj.  to  A„  . 

B.  Heterogeneous  Reactions 

Gas-liquid  reactions  may  be  typified  as  a  gas-absorption  opera- 
tion in  which  a  chemical  reaction  occurs.  The  actual  reaction  may 
occur  at  the  interface  separating  the  gas  and  liquid  phase  or  in 
either  the  gas  or  liquid  films  adjacent  to  the  Interface.  In  either 
case,  a  problem  of  mass  transfer  of  reacting  materials  from  one  phase 
to  another  phase  or  to  the  Interface  is  involved.  The  net  rate  of  reac- 
tion is  then  determined  by  the  rate  of  chemical  reaction  itself  and 
by  the  rates  of  mass  transfer  of  reacting  materials  (12). 

Rates  of  gas  absorption  accompanied  by  chemical  reaction  in  the 
liquid  have  been  calculated  kinetically  for  certain  simple  cases,  for 
example,  the  absorption  of  carbon  dioxide  with  ethanolamlne.  No  esti- 
mates have  been  made  for  cases  involving  second  order  chemical  kinetics. 
The  differential  equations  Involving  transient  accumulations,  diffusions 
and  reaction  are  known, but  the  mathematical  solutions  are  too  involved 
for  practical  solutions.   Perry  and  Pigford  (15)  used  a  digital  computer 
to  calculate  the  solutions  of  a  number  of  theoretical  second  order  cases. 
The  results  were  represented  as  the  ratio  of  the  local  mass  transfer 
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coefficient  with  reaction  to  the  mass  transfer  without  reaction.  These 
results  were  found  to  dspend  on  the  rate  and  chemical  equilibrium  constants, 
the  ratio  of  reactants  and  the  time  exposure  of  the  liquid  surface. 
Sherwood  and  Pigford  (17)  present  a  more  general  treatment  for  the  process 
of  simultaneous  absorption  and  chemical  reaction. 

The  process  of  blowing  asphalt  residuum  can  be  classified  as  a 
heterogeneous  and  exothermic  reaction  of  a  liquid  phase  and  a  gas  phase. 
It  Is  a  flow  system  where  the  active  agent  in  the  gaseous  phase  (oxygen) 
reacts  with  the  liquid  asphalt  to  form  asnhal|  products  of  increasing 
consistency.  A  consideration  of  the  physical  system  In  the  asphalt 
blowing  process  leads  to  a  concept  of  two  possible  controlling  mechanisms 
or  a  combination  of  both.   As  the  feed  gas  is  exposed  to  the  liquid  asphalt, 
the  chemical  reaction  may  occur  at  the  Interface  of  the  gas-liquid  or  in 
the  gas  or  liquid  films  adjacent  to  the  interface.  If  the  chemical  reac- 
tion takes  place  very  rapidly  at  the  gas-liquid  interface,  it  then  becomes 
necessary  to  replace  the  oxygen  used  from  the  film  with  fresh  oxygen  for 
the  process  to  continue.  This  fresh  oxygen  must  diffuse  from  Inside  a 
gas  bubble,  through  the  gas  film  to  the  interface  where  the  reaction 
is  occurring.  When  this  diffusion  rate  is  slow  compared  to  the  chemi- 
cal reaction  rate,  the  diffusion  resistance  will  control  the  gross  rate 
of  reaction.  Conversely,  if  the  chemical  reaction  rate  at  the  interface 
is  slow  relative  to  diffusion,  then  the  chemioal  reaction  is  the  controlling 
rate.  The  effect  on  the  gross  reaction  rate  for  a  combination  of  the 
diffusion  and  chemical  reaction  mechanism  might  be  expressed  as 

driving  potential 


gross  reaction  rate  ■ 


diffusion  resistance  +  chemical  resistance 
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Considering  the  possible  progressive  type  of  reaction  and  physical  sys- 
tem involved,  it  is  conceivable  that  the  diffusion  resistance  might 
control  for  some  of  the  steps  while  the  chemical  resistance  might  control 
for  other  steps. 

The  gross  reaction  rate  is  the  degree  of  chemical  reaction  with 
time  and  is  measured  as  the  change  of  Ring  and  Ball  softening  point  with 
reaction  time.  The  driving  potential  for  the  gross  reaction  is  assumed 
to  be  a  combination  diffusion  and  chemical  reaction  driving  force.  The 
driving  force  for  the  diffusion  mechanism  is  the  difference  of  partial 
pressure  of  the  oxygen  in  the  gas  bubble  and  at  the  gas-liquid  interface. 
The  driving  force  for  the  chemical  reaction  is  the  concentration  of  reac- 
ting materials.  Assuming  the  driving  potential  to  be  a  combination  of 
diffusion  and  chemical  reaction,  the  resistance  for  the  gross  reaction 
rate  will  also  be  a  function  of  these  two  mechanisms. 

A  general  rate  equation  might  be  derived  to  relate  the  processing 
variables  In  terms  of  a  gros3  reaction  rate.  This  equation  is 

dR/dt  -  kf^sV  (1) 

where 


dR/dt 


the  gross  reaction  rate  measured  as 
Ring  and  Ball  softening  polmt 


The  diffusion  driving  force  is  rS  which  is  the  oxygen  concentration 
and  space  gas  velocity  for  the  feed  gas.  The  asphalt  concentration  term 
is  related  to  the  Instantaneous  value  of  softening  point,  R,  at  any  time, 
t.  The  value,  k,  is  a  pseudo  reaction  velocity  constant  and  is  a  func- 
tion of  the  gross  reaction  rate  resistance.  The  value  of  k  also  includes 
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a  factor  that  accounts  for  a  decrease  in  driving  potential  as  the  reac- 
tion proceeds.  The  data  for  this  investigation  was  evaluated  in  terras 
of  this  proposed  rate  equation. 


III.  MATERIALS 

The  asphaltie  residues  used  In  this  Investigation  were  sup- 
plied through  the  courtesy  of  The  Texas  Company.  The  samples  represent 
four  different  types  of  asphalts  having  substantially  different  proper- 
ties. The  properties  of  the  residues  used  In  this  study  are  tabulated 
in  Table  1. 

TABLE  1 
PROPERTIES  OF  ASPHAI.TIC  RESIDUES 


Sample 

TA-1023-2 

TA-1024 

TA-1025 

TA-1026 

Identification 

Gulf  Coast 
Naphthenlc 

East 
Texas 

East 

Central 

Texas 

South 
Texas 
Heavy 

Density  @   60  °F. 

0.9670 

1.0215 

1.0203 

0.9908 

Viscosity,  Saybolt 
Fural  Seconds,  210  °F. 

106 

.... 

.... 

85 

Ring  and  Ball  Softening 
Point,  °F. 

70» 

100 

98 

73" 

Penetration,  77  °F. 

.... 

227 

283 

.... 

•Estimated  by  extrapolating  values  of  Ring  and  Ball  versus  reaction 
time  curves  to  zero  time. 
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IV.  APPARATUS 


The  asphalt  blowing  unit  was  designed  and  constructed  to  blow 
asphalt  in  either  a  continuous  or  a  batch  operation.  The  asphalt  appa- 
ratus consists  of  an  asphalt  storage  tank,  asphalt  reactor,  electrical 
precipitator,  flow  panel  board,  temperature  panel  board  and  a  continuous 
gas  analysis  unit.  A  picture  of  the  unit  is  shown  in  Figure  1  and  a 
flow  diagram  in  Figure  21.  Complete  piping  and  wiring  diagrams  are 
shown  in  Figures  22  and  23. 

A.  Processing  Equipment 

1.  Asphalt  storage  tank.  The  asphalt  storage  tank  is  a 
heated  tank  used  to  store  and  preheat  the  asphalt  reactor  feed.  Cir- 
culation Is  maintained  in  the  storage  tank  by  pumping  the  asphalt  through 
a  closed  piping  system. 

The  storage  tank  shell  was  fabricated  from  a  piece  of  12  Inch 
steel  pipe  and  fitted  with  ring  flanges  on  both  ends.  A  flanged  dished 
bottom  with  a  centered  3/4  inch  outlet  drain  was  bolted  to  the  lower 
shell  flange.  A  round  1/4  inch  trans Ite  cover  was  fastened  to  the  top 
shell  flange. 

The  tank  is  heated  with  eight  500  watt  electrical  strip  heaters 
bolted  to  the  outside  shell.  They  are  alternated  one  long  and  one  short. 
The  dished  bottom  is  heated  with  a  1,000  watt  ring  heater.  The  heaters 
are  wired  in  parallel  and  connected  to  a  three-heat  snap  switch.  High 
heat  position  on  the  switch  utilizes  the  long,  short  and  bottom  heaters. 
Medium  heat  use3  only  the  short  and  bottom  heaters.  Low  heat  turns  on 
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only  the  bottom  heater.  The  heaters  were  selected  and  arranged  In  this 
manner  to  permit  changing  the  heated  length  of  the  storage  tank  as  deter- 
mined by  the  height  of  the  liquid  asphalt  In  the  tank.   A  General  Electric 
Thermostat  is. used  to  control  the  temperature  of  the  asphalt  in  the  tank 
and  directly  controls  the  electrical  line  load  to  the  heaters.  Thermo- 
stat and  thermocouple  protection  tubes  were  made  from  steel  pipe  and 
welded  in  the  side  of  the  reactor  shell.  The  tank  was  insulated  on  the 
side  and  bottom  surfaces  with  block  magnesia  Insulation  and  then  covered 
with  a  sheet  metal  protective  cover.  The  entire  assembly  was  mounted  on 
four  angle  iron  legs.  It  was  then  placed  on  a  Toledo  platform  scale.  The 
scale  Is  used  to  measure  mass  feed  rates  of  the  asphalt  to  the  reactor. 

The  hot  asphalt  in  the  storage  tank  is  circulated  and  trans- 
ferred to  the  asphalt  reactor  with  a  Viking  pump.  This  is  a  positive 
displacement  gear  type  pump  which  is  mounted  on  the  floor  below  and  to  the 
side  of  the  asphalt  storage  tank.  Asphalt  is  pumped  from  the  storage  tank 
with  a  free  suspension  suction  pipe  that  is  inserted  into  the  storage  tank 
through  the  transite  cover  and  extends  close  to  the  bottom.  The  recircula- 
tion return  pipe  is  also  freely  suspended  and  discharges  asphalt  near  the 
top  of  the  tank.  An  auxiliary  three-heat  immersion  heater,  thermostat 
control  and  thermocouple  are  placed  in  the  recirculation  line  to  Indicate 
and  prevent  any  appreciable  temperature  drop  in  the  asphalt  while  it  Is 
being  recirculated  and  adjusted  to  the  reactor  asphalt  temperature.  The 
recirculation  piping  is  steam  traced  with  1/4  inch  copper  tubing  and  the 
asphalt  recirculation  lines  are  preheated  to  prevent  any  asphalt  freeze- 
up  during  initial  recirculation.  Drain  valves  are  suitably  located  to 
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eompletely  drain  the  recirculation  lines.  A  detail  of  the  asphalt  storage 
tank  is  shown  in  Figure  24. 

2.  Asphalt  reactor.  The  asphalt  reactor  la  a  heated  and  agi- 
tated tank  which  permits  blowing  reacting  gas  through  the  hot  asphalt. 
It  is  possible  to  blow  the  asphalt  as  a  batch  operation  with  no  fresh 
asphalt  feed  or  as  a  continuous  operation  where  fresh  asphalt  feed  Is 
pumped  in  and  asphalt  product  continuously  removed.  The  reacting  asphalt 
occupies  only  60  per  cent  of  the  total  reactor  volume.  The  remaining 
40  per  cent  Is  used  as  a  vapor  space  for  entrainment  separation. 

The  asphalt  reactor  was  made  from  a  piece  of  8  inch  steel  pipe 
that  was  flanged  on  both  top  and  bottom.  The  bottom  is  fitted  with  a 
dished  plate  with  a  3/4  inch  center  drain  pipe.  The  top  1/4  inch  steel 
plate  cover  is  U3ed  to  support  the  agitator  assembly,  thermocouple  pro- 
tection tubes,  asphalt  feed  line  and  entrainment  baffle  plate.  The 
reactor  has  welded  pipe  fittings  for  the  reactor  gas  feed,  converter  gas 
product  and  reacted  asphalt  product. 

The  reactor  is  heated  with  five  500  watt  strip  heaters  equally 
spaced  and  bolted  to  the  outside  surface  of  the  reactor  pipe.  The  lengths 
of  the  heaters  were  selected  so  that  they  would  provide  heat  directly 
to  the  height  of  the  reactor  pipe  that  would  be  filled  with  liquid  asphalt. 
This  prevents  localized  heating  in  the  vapor  section  and  reduces  the 
amount  of  coke  formed  on  the  reactor  walls.  The  temperature  of  the  reacting 
asphalt  is  controlled  with  a  Mlnneapolls-Honeywell-Brown  Pyr-0-Vane  pro- 
portional temperature  controller. 
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The  agitator  assembly  for  the  asphalt  reactor  is  a  laboratory 
model  Turbo  Mixer  Agitator.  The  oomblnation  used  for  this  investigation 
was  a  hooded  ring  cover  and  aerator  impeller.  The  hooded  ring  is  sup- 
ported from  the  top  cover  of  the  reactor  by  two  guide  rods.  The  impel- 
ler is  located  I,   inches  from  the  bottom  of  the  reactor  and  is  fastened 
to  a  shaft  that  extends  through  the  top  cover  and  packing  gland  into  the 
agitator  head  and  pulley  assembly.  The  agitator  pulley  is  a  four  step 
cone  pulley  and  is  matched  with  a  similar  pulley  on  the  3A  horsepower 
1750  r.pjo.  agitator  drive  motor.  This  pulley  arrangement  permits  variable 
agitator  speeds  with  a  V-belt  drive.  The  minimum  agitator  speed  is  700 
r.p.m.  and  the  next  speed  is  1300  r.p.m.. 

Thermocouple  protection  tubes  were  made  from  1/8  inch  steel 
pipe  and  were  threaded  into  welded  couplings  on  the  top  reactor  cover 
plate.  There  are  three  thermocouple  tubes;  one  for  the  Minneapolis- 
Honeywell-Brown  reactor  temperature  controller  and  two  for  the  Bristol 
temperature  recorder.  The  lasttwo  were  fabricated  with  a  differential 
height  of  1  inch  so  that  they  could  be  used  to  Indicate  asphalt  liquid 
level  in  the  reactor.  The  long  thermocouple  indicates  the  liquid  tem- 
perature while  the  short  thermocouple  indicates  the  vapor  temperature. 
Since  the  gas  temperature  is  several  degrees  lower  than  the  liquid  tem- 
perature, a  differential  reading  between  the  two  thermocouples  Indicates 
that  the  liquid  level  is  between  these  two  thermocouple  positions. 

The  asphalt  feed  line  extends  through  the  top  of  the  reactor 
cover  and  through  the  edge  of  the  agitator  hood  ring.  The  feed  line  was 
reduced  to  l/i  inch  nominal  pipe  inside  the  reactor  to  prevent  any  excessive 
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asphalt  feed  holdup.  The  bottom  of  the  asphalt  feed  line  Is  flush  with 
the  bottom  of  the  agitator  hood  ring.  Thus  the  asphalt  Is  fed  directly 
into  the  side  of  the  rotating  aerator  Impeller.  A  needle  valve  on  the 
asphalt  storage  recirculation  line  controls  the  asphalt  feed  to  the  reac- 
tor and  a  thermocouple  measures  the  asphalt  feed  temperature. 

Reactor  feed  gas  is  introduced  beneath  and  into  the  aerator 
impeller  through  a  T-tube  sparger.  The  feed  gas  line  comes  into  the 
reactor  in  a  3/8  inch  pipe  directly  above  the  bottom  reactor  flange. 
This  pipe  extends  into  the  reactor  and  then  branches  into  a  horizontal 
"T"  directly  under  the  Impeller.  Two  1/8  inch  vertical  pipe  tips  are 
located  on  the  end  of  this  "T"  at  a  distance  of  1/2  the  radius  of  the 
aerator  impeller.  The  feed  gas  line  to  the  reactor  is  piped  as  an  In- 
verted "U"  stand  pipe  to  prevent  any  asphalt  from  flowing  through  the 
distributor  tips  back  into  the  air  feed  line. 

The  reacted  gas  or  converter  gas  is  removed  from  the  reactor 
through  a  1-1/2  inch  pipe  located  directly  beneath  the  top  reactor  flange. 
The  exit  gases  from  the  reactor  flr3t  pass  over  an  entrainment  separator 
baffle  plate  that  is  fitted  below  the  converter  gas  outlet.  This  baffle 
plate  prevents  swirling  of  the  hot  asphalt  by  agitation  into  the  converter 
gas  outlet  pipe.  The  baffle  plate  is  fastened  to  the  bottom  side  of  the 
top  reactor  cover.  After  leaving  the  reactor,  the  converter  gases  pass 
through  a  short  heat  exchanger  before  entering  the  electrical  oreclpitator. 
This  heat  exchanger  cr  cooler  is  used  to  he]p  break  any  foam  that  may  form 
in  the  reactor  and  flow  up  Into  the  converter  gas  discharge  pipe.  The  cooler 
is  a  3  inch  steel  pipe  that  is  welded  around  the  1-1/2  inch  converter  gas 
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outlet  pipe.  The  annular  area  between  the  pipes  Is  fitted  with  1/2  Inch 
pipe  fittings  for  inlet  and  outlet  cooling  water.   A  thermocouple  at 
the  top  of  the  converter  gas  cooler  measures  the  exit  reactor  converter 
gas  temperature. 

During  a  batch  or  continuous  run  the  reactor  asphalt  product 
or  asphalt  samples  are  removed  from  the  reactor  through  the  3/8  inch 
pipe  reactor  side  drain.  This  drain  is  located  beneath  the  converter 
gas  outlet  line  and  has  a  quick-opening  valve. 

The  reactor  shell  is  Insulated  with  asbestos  insulatlcn  and 
enclosed  in  a  protective  sheet  metal  cover.  The  top  and  bottom  of  the 
reactor  are  not  Insulated.  These  surfaces  were  purposely  left  uncovered 
so  that  the  exothermic  heat  of  reaction  of  the  reacting  asphalts  would  be 
dissipated.  Closer  temperature  control  can  be  obtained  when  this  heat 
is  dissipated  and  the  temperature  controller  and  reactor  heaters  are  used 
to  maintain  the  desired  temperature. 

The  reactor  and  agitator  drive  motor  are  arranged  on  a  special 
stand.  The  length  of  the  asphalt  piping  from  the  asphalt  storage  tank 
is  as  short  as  possible  to  reduce  the  amount  of  asphalt  in  the  recir- 
culation lines.  Details  of  the  asphalt  reactor  are  shown  In  Figure  25. 

3.  Electrical  precipitator.  The  purpose  of  the  electrical  or 
Cottrell  electrostatic  precipitator  is  to  remove  the  mechanically  entrained 
mist  and  smoke  from  the  reactor  converter  gases. 

The  precipitator  unit  was  fabricated  from  a  piece  of  3  Inch 
steel  pipe  and  welded  to  inlet  and  outlet  gas  chambers.  A  round  1/8  inch 
steel  rod  is  used  as  a  high  voltage  electrode  with  a  steel  ball  welded 
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to  the  bottom  of  the  electrode.  The  entire  assembly  Is  supported  by  a 
high  voltage  insulator  bushing  and  the  insulator  bushing  is  mounted  on  a 
\/L,   inch  Bakelite  plate  which  serves  as  the  top  of  the  outlet  gas  chamber. 
A  baffle  plate  is  placed  over  the  inlet  feed  gas  line  in  the  bottom  gas 
chamber  to  prevent  the  gas  from  impinging  directly  on  the  high  voltage 
electrode.  A  drain  on  the  bottom  gas  chamber  permits  removal  of  the 
condensed  and  precipitated  smoke  and  fog  products. 

Access  panels  on  the  front  of  the  gas  chambers  are  provided  to 
allow  alignment  of  the  high  voltage  electrode  and  cleaning  of  the  preci- 
pitator. The  panels  are  covered  with  Lucite  plastic  windows  and  it  is 
possible  to  observe  the  smoke  content  of  the  converter  gas  entering  and 
leaving  the  precipitator. 

The  precipitator  pipe  shell  is  wrapped  with  \/U   inch  copper  tubing 
on  a  2  inch  coll  spacing.  Cooling  water  passes  through  the  tubing.  As 
a  result  water  condenses  out  of  the  converter  gas  as  it  cools  in  the 
precipitator.  The  condensed  water  is  collected  through  the  bottom  drain 
together  with  the  precipitated  oils.  The  cooled  converter  gases  from 
the  precipitator  pass  through  another  heat  exchanger  to  lower  the  tempera- 
ture of  the  gases  below  room  temperature  and  to  prevent  any  condensation 
from  occurring  in  the  gas  rotameters.  The  electrical  precipitator  after- 
cooler  is  a  coll  of  1/4  inch  copper  tubing  placed  Inside  a  piece  of  3  inch 
steel  pipe  12  inches  in  length.  The  converter  gases  pass  across  the 
water  cooled  copper  coil  and  the  condensed  water  is  removed  from  a  bottom 
drain  on  the  cooler.  Both  the  electrical  precipitator  and  after-cooler 
are  insulated  with  air  cell  asbestos  pipe  insulation. 

The  laboratory  model  high  tension  rectifier  used  to  obtain  the 
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high  voltages  necessary  for  the  electrical  precipitator  la  a  Carpco 
Engineering  Company  Model  RL  High  Voltage  Rectifier.  This  rectifier 
unit  permits  variable  direct  current  output  voltages  from  0  to  40,000 
volts.  The  current  output  Is  variable  from  0.1  to  15.0  mllllamperes. 
Figure  26  Is  a  detail  of  the  electrical  precipitator  and  Figure  2  la 
a  picture  of  the  storage  tank,  reactor  and  electrical  precipitator. 

4.  Flow  panel  board.  All  the  instruments  necessary  to  control 
and  meter  the  gas  flows  In  the  asphalt  blowing  process  are  grouped  to- 
gether on  the  gas  flow  panel  board. 

Three  rotameters  measure  the  air  feed,  oxygen  feed  and  conver- 
ter gas  flow  rates.  The  air  feed  and  converter  gas  rotameters  are  standard 
Sehutte  and  Koerting  3F  tubes  with  millimeter  scales.  The  rotameters  are 
calibrated  with  specially  made  aluminum  floats  for  the  gas  flow  rates 
required  In  this  study.  The  oxygen  feed  rotameter  la  a  standard  Sehutte 
and  Koerting  1R  tube  and  stainless  steel  float.  Gas  flow  control  for  the 
metered  feed  gases  is  obtained  by  using  bronze  needle  valves.  Gas  pressures 
In  the  asphalt  reacting  system  are  measured  by  using  panel  mounted,  well 
type  manometers.  The  feed  gas  manometers  measure  the  pressure  drop  across 
the  gas  rotameters.  These  indicated  pressures  are  also  the  reactor  gas 
pressures.  The  feed  gas  manometer  indicates  the  pressure  of  the  reactor 
feed  gas;  the  converter  gas  manometer  measures  the  pressure  of  the  gas  in 
the  reactor  vapor  space  or  back  pressure  in  the  reactor.  For  constant 
feed  gas  flow  rates  the  feed  gas  pressure  changes  with  any  change  in  the 
reactor  asphalt  liquid  level  height.  Therefore,  during  continuous  operation 
this  feed  gas  manometer  is  used  to  control  the  asphalt  oroduct  rate  and  to 


20  - 


-  21- 

maintaln  a  constant  asphalt  reactor  liquid  level  height.  The  converter 
gas  back  pressure  Is  controlled  by  the  depth  of  immersion,  of  the  conver- 
ter gas  stand  pipe  in  a  tank  of  water.  A  slight  back  pressure  is  required 
to  allow  for  pressure  drop  of  the  sample  gas  through  the  gas  analysis 
unit.  The  magnitude  of  this  back  pressure  is  about  5  inches  of  water. 

The  back  pressure  regulator  that  is  used  is  a  small  tank  mounted 
on  tripod  legs  and  provided  with  an  overflow  line  to  a  drain.  A  constant 
water  liquid  level  is  maintained  in  the  tank  by  running  the  cooling  water 
used  in  the  copper  coll  heat  exchangers  into  the  back  pressure  tank  and 
letting  the  water  drain  out  through  the  overflow  pipe.  To  prevent  ex- 
cessive bubbling  in  the  back  pressure  tank  for  high  converter  gas  rates 
a  by-pass  needle  valve  is  piped  into  the  exit  converter  gas  line  so  that 
only  a  small  portion  of  the  converter  gas  passes  through  the  dip  leg. 

The  inlet  air  feed  line  is  fitted  with  a  pressure  reducing 
valve  and  sediment  separator.  The  air  then  passes  through  a  Tel-Tale 
silica  gel  dryer  before  it  is  metered  to  the  reactor.  The  dryer  column 
is  a  piece  of  3  Inch  by  36  inch  Pyrex  glass  pipe. 

The  entire  assembly  of  rotameters,  manometers,  control  valves 
and  dryers  are  mounted  on  a  movable  panel  board.  A  picture  of  the  panel 
board  is  shown  in  Figure  3. 

5.  Temperature  panel  board.  The  asphalt  blowing  temperature 
recorder  and  temperature  controller  are  located  on  the  temperature  panel 
board. 

Chromel-alumel  thermocouples  are  used  to  measure  all  process 
stream  temperatures  in  the  asphalt  blowing  system.  The  thermocouples 
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are  mounted  In  protection  tubes  and  these  units  are  Incorporated  In  the 
process  piping.  Temperatures  are  recorded  with  a  Bristol  Dynamaster 
12  point  Pyrometer  using  10  points  as  Indicated  on  the  diagram  in 
Figure  22. 

The  temperature  controller  that  is  used  for  the  asphalt  reactor 
is  a  Minneapolls-Honeywell-Brown  Pulse  Pyr-0-Vane  Controller.  This  is 
a  time-proportionlng-indleating  type  controller  that  eliminates  any  tem- 
perature cycling  or  "hunting"  effects.  The  wiring  on  the  temperature 
controller  is  such  that  the  controlled  output  goes  through  both  110  volt 
and  220  volt  outlets.  The  220  volt  outlet  is  used  in  this  investigation 
to  control  the  reactor  heaters.  Two  other  outlets  for  continuous  110 
and  220  volts  are  also  provided  on  the  panel  board. 

The  temperature  recorder,  controller,  outlets  and  circuit  breakers 
are  mounted  on  a  movable  panel  similar  to  the  gas  flow  panel  board.  A 
picture  of  the  temperature  panel  board  is  shown  in  Figure  1. 

6.  Piping.  The  majority  of  the  equipment  piping  is  1/2  inch 
steel  pipe.  Larger  3/4  inch  pipe  is  used  for  the  converter  gas  lines, 
the  asphalt  drains  on  the  asphalt  storage  tank  and  the  asphalt  reactor. 
Gas  cock  valves  are  used  for  the  asphalt  piping  while  globe  and  needle 
valves  are  used  for  the  asphalt  blowing  gas  piping.  All  hot  asphalt  lines 
are  Insulated  with  air  cell  asbestos  insulation.  A  piping  diagram  is 
shown  in  Figure  22. 
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B.  Analysis  Equipment 

1.  Gas  analysis  unit.  The  gas  analysis  unit  provides  a  con- 
tinuous volume  analysis  of  oxygen  and  carbon  dioxide  of  either  the  asphalt 
blowing  feed  gas  or  converter  gas.  Dew  points  of  these  gases  may  also 
be  determined. 

The  analysis  cells  for  the  gas  train  are  as  follows:   (a)  Beck- 
man  Oxygen  Analyzer  -  Model  C,  0-100  per  cent  Oxygen;  (b)  Gow-Mac  Thermal 
Conductivity  Cell  for  Carbon  Dioxide;  (c)  Pittsburgh  Electrodryer  Dew 
Point  Apparatus.  The  Becloian  analyzer  gives  volume  percentage  oxygen 
as  a  direct  reading  while  the  output  of  the  thermal  conductivity  cell 
is  measured  in  millivolts. 

In  the  gas  analysis  train  the  continuous  gas  sample  for  the  oxy- 
gen and  carbon  dioxide  analysis  cells  is  fir3t  dried  by  passing  the  gas 
through  a  tube  of  Tel-Tale  silica  gel.  Then  the  total  flow  rate  is 
measured  with  a  rotameter.  The  sample  gas  is  now  divided  into  two  streams 
and  the  flow  rate  for  each  stream  is  determined  with  two  additional  rota- 
meters. One  gas  3tream  Is  for  the  oxygen  analyzer  and  the  other  stream 
Is  for  the  carbon  dioxide  analysis  cell.  Constant  gas  flow  rates  are 
maintained  to  the  analysis  cells  to  prevent  the  Introduction  of  an  analysis 
error  because  of  the  effect  of  a  change  In  gas  velocity  in  the  analysis 
cells.  The  feed  gas  line  and  converter  gas  line  have  separate  sample  lines 
and  dryer  tubes.  After  the  3ample  gas  passes  through  the  dryer  tube  it 
flows  into  a  common  header  and  then  to  the  rotameter  measuring  the  total 
gas  flow.  With  the  two  sample  lines  it  Is  possible  to  select  either  the 
feed  gas  or  the  converter  gas  for  analysis.  Only  one  gas  can  be  analyzed 
at  any  particular  time. 
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A  constant  6  volt  direct  current  source  for  the  thermal  con- 
ductivity cell  is  provided  with  a  small  Mallory  power  supply.  The  ther- 
mal conductivity  cell  output  is  measured  with  a  Weston  direct  current 
millivoltmeter.  The  Electrodryer  dew  point  apparatus  is  a  rectangular 
■etal  box  fitted  with  a  removable  polished  hollow  cylinder  cup  which 
screws  into  the  top  of  the  box.  A  window  in  the  front  of  the  box  is  used 
for  observing  the  surface  of  the  cylinder.  The  hollow  cylinder  is  filled 
with  a  liquid  so  that  the  temperature  of  the  cylinder  may  be  lowered 
by  cooling  the  liquid.  The  dew  point  of  a  sample  gas  is  obtained  by 
impinging  the  gas  on  the  liquid  cooled  cylinder  and  recording  the  liquid 
temperature  at  the  first  appearance  of  fog  or  mist  on  the  polished  surface 
of  the  cylinder.  The  hollow  cylinder  may  be  cooled  with  a  mixture  of 
acetone  and  dry  ice  for  extremely  low  dew  points  or  water  and  ice  for 
higher  dew  points.  Dew  point  temperatures  are  measured  with  an  alcohol 
thermometer  and  dew  points  can  be  made  on  either  the  asphalt  feed  gas  or 
the  converter  gas.  A  flow  diagram  and  picture  of  the  analysis  unit  nay 
be  seen  in  Figures  21  and  3. 

2.  Gas  analysis  calibration.  The  thermal  conductivity  cell  and 
oxygen  analyzer  are  calibrated  for  a  ternary  system  of  dry  gases;  oxygen, 
nitrogen  and  carbon  dioxide.  The  range  of  the  calibration  is  0-40  per 
cent  carbon  dioxide  in  a  residual  gas  of  nitrogen  and  oxygen,  0-100  per 
cent  oxygen. 

The  instruments  were  calibrated  by  measuring  the  thermal  conduc- 
tivity cell  output  and  reading  the  Beckaan  oxygen  analyzer  for  known  mix- 
tures of  the  ternary  gas  system.  The  individual  gases  were  metered  from 
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gas  cylinders  using  a  pressure  reducing  valve  and  rotameter  for  each  gas 
stream.  After  the  flow  rate  for  each  gas  stream  was  determined,  the  in- 
dividual ga3es  were  mixed  together  to  form  the  gas  sample  for  the  instru- 
ment calibration.  The  analysis  of  this  sample  gas  was  determined  with 
the  use  of  an  Orsat  analyzer  that  determines  the  concentration  of  carbon 
dioxide.  The  concentration  of  oxygen  was  determined  through  the  use  of 
the  Beckman  oxygen  analyser  and  the  concentration  of  nitrogen  was  cal- 
culated by  subtracting  the  oxygen  and  carbon  dioxide  concentration  froa 
100.  The  sample  gas  flow  rates  for  the  analysis  instruments  were  main- 
tained at  about  900  cc. /minute  for  the  thermal  conductivity  cell  and 
125  ec. /minute  for  the  oxygen  analyzer.  Excess  sample  gas  was  exhausted 
to  the  atmosphere.  The  output  of  the  thermal  conductivity  cell  was  meas- 
ured as  millivolts  and  the  reference  point  for  this  unit  was  zero  milli- 
volts for  dry  air. 

Table  2  is  a  tabulation  of  the  calibration  data  for  the  oxygen 
analyzer  and  thermal  conductivity  cell.  Figure  4  is  a  plot  of  the  ternary 
calibration  data  as  a  function  of  thermal  conductivity  cell  millivolt 
readings  and  oxygen  concentration  with  parameters  of  volume  per  cent 
carbon  dioxide. 
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TABLE  2 

CALIBRATION  DATA  FOR  GAS  ANALYSIS  INSTRUMENTS 

Run 

Gas  Concentration 

Thermal 

Bookman 

No. 

Volume  t 

Conductivity 

Oxygen 

Cell 

Analyzer 

°2* 

co2 

N2 

Millivolts 

* 

1 

20.9 

79.1 

0.0 

20.9 

2 

40.7 

•  •  ■  * 

59.3 

-11.7 

40.7 

3 

61.0 

.  •  . . 

39.0 

-20.6 

61.0 

4 

81.4 

21.0 

18.6 

-28.0 

81.4 

5 

90.0 

•  •  •  • 

10.0 

-30.7 

90.0 

6 

100.0 

•  .  •  . 

.  •  •  . 

-34.0 

100.0 

7 

69.8 

•  •  >  • 

30.2 

-24.2 

69.8 

8 

49.9 

•  •  •  • 

50.1 

-16.0 

49.9 

9 

30.5 

•  *  ■  • 

69.5 

-  6.3 

30.5 

10 

9.9 

■  >  •  ■ 

90.1 

2.8 

9.9 

11 

10.0 

10.6 

79.4 

23.9 

10.0 

12 

10.0 

15.0 

75.0 

33.2 

10.0 

13 

10.1 

27.5 

62.4 

59.2 

10.1 

14 

10.0 

34.2 

55.8 

74.2 

10.0 

15 

9.9 

40.6 

49.5 

88.5 

9.9 

16 

10.1 

6.0 

83.9 

15.1 

10.1 

17 

19.9 

.... 

80.1 

-  1.6 

19.9 

18 

20.9 

.... 

79.1 

0.3 

20.9 

19 

20.9 

.... 

79.1 

0.0 

20.9 

20 

20.1 

.... 

79.9 

-  1.9 

20.1 

21 

19.9 

10.0 

70.1 

17.8 

19.9 

22 

20.0 

17.1 

62.9 

31.3 

20.0 

23 

20.0 

36.9 

43.1 

72.8 

20.0 

2i 

20.0 

47.1 

32.9 

93.0 

20.0 

25 

20.0 

26.3 

53.2 

51.1 

20.0 

26 

20.0 

4.8 

75.2 

6.4 

20.0 

27 

•  •   •  • 

•  •  •  • 

100.0 

7.1 

.... 

28 

30.0 

•  •  ■  • 

70.0 

-  6.3 

30.0 

29 

30.0 

9.1 

60.9 

9.8 

30.0 

30 

30.0 

25.5 

44.5 

44.3 

30.0 

31 

30.0 

37.2 

32.3 

69.8 

30.0 

32 

30.0 

47.0 

23.0 

88.6 

30.0 

33 

30.0 

30.8 

39.2 

55.8 

30.0 

34 

30.0 

15.1 

54.9 

23.0 

30.0 

35 

*  *  •  • 

•  •  •  • 

100.0 

7.2 

•  •  •  • 

36 

•  >  a  • 

•  •  •  • 

100.0 

7.1 

•  •  •  * 

37 

•  •  •  • 

42.8 

57.2 

97.0 

•  •  •  • 

38 

40.6 

12.9 

47.1 

13.5 

40.0 

-  28  - 

TABLE  2— Continued 

Run 

Gas  Concentration 

Thermal 

Beckman 

No. 

Volume  i 

Conductivity 
Cell 

Oxygen 

Analyzer 

G2* 

C02 

N2 

Millivolts 

* 

39 

39.9 

60.1 

-11.3 

39.9 

40 

40.0 

ii'.i 

33.9 

41.0 

40.0 

41 

40.0 

35.8 

24.2 

61.8 

40.0 

42 

40.0 

46.7 

13.3 

85.2 

40.0 

43 

40.0 

17.2 

42.8 

23.0 

40.0 

44 

40.0 

6.1 

53.9 

0.6 

40.0 

45 

50.0 

•  •  •  • 

50.0 

-16.2 

50.0 

46 

50.0 

18.1 

31.9 

20.2 

50.0 

47 

50.0 

28.0 

22.0 

41.7 

50.0 

48 

50.0 

49.7 

0.3 

89.0 

50.0 

49 

50.0 

39.5 

10.5 

66.2 

50.0 

•50 

50.0 

7.6 

42.4 

-  1.3 

50.0 

51 

60.0 

•  *  •  . 

40.0 

-19.8 

60.0 

52 

60.0 

12.8 

27.2 

5.2 

60.0 

53 

60.0 

20.2 

19.8 

21.0 

60.0 

54 

60.0 

31.4 

8.6 

44.2 

60.0 

55 

10.0 

41.0 

44.0 

86.5 

10.0 

56 

.... 

.... 

100.0 

7.0 

57 

70.1 

•  • . . 

100.0 

-24.0 

7o!i 

58 

70.0 

3.1 

21.9 

-  7.4 

70.0 

59 

70.0 

15.0 

15.0 

5.8 

70.0 

60 

70.1 

20.9 

9.0 

13.0 

70.1 

61 

sou 

.... 

19.9 

-23.0 

30.1 

62 

80.0 

10.7 

9.3 

-  6.1 

80.0 

63 

30.0 

.... 

70.0 

-  6.2 

30.0 

64 

30.0 

14.1 

55.9 

21.0 

30.0 

65 

30.0 

31.1 

38.9 

56.7 

30.0 

66 

30.1 

a. 4 

28.5 

77.7 

30.1 

67 

10.1 

45.0 

44.9 

93.3 

10.1 

68 

10.0 

30.4 

69.6 

64.3 

.10.0 

69 

20.9 

.... 

79.1 

.... 

20.9 

70 

.... 

.... 

100.0 

.... 

0.0 

71 

100.0 

, 
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Figure  4. 

Thermal  Conductivity  Cell  Calibration  Curve  for  Ternary  System 

of  Oxygen,  Nitrogen  and  Carbon  Dioxide 

V.   PROCEDURES 

The  following  la  an  outline  of  the  conditions  and  procedures  that 
are  used  to  operate  the  asphalt  blowing  equipment.  The  method  is  applicable 
to  either  continuous  or  batch  operation,  with  the  exception  that  during 
the  continuous  operation  a  constant  asphalt  feed  is  fed  to  the  reactor 
and  a  product  is  continuously  removed. 

The  five  variables  under  consideration  in  this  investigation  are 
temperature,  feed  gas  space  velocity,  feed  gas  oxygen  concentration,  agi- 
tator speed  and  continuous  or  batch  operation.  The  effect  of  these  variables 
were  determined  by  making  runs  at  essentially  atmospheric  pressure  and 
fixing  all  but  one  variable.  A  total  of  39  runs  was  made  under  the 
following  conditions  to  determine  the  overall  effect  of  the  variables  on 
each  other.  The  extent  to  which  the  conditions  were  changed  for  any  of  the 
materials  under  consideration  is  shown  in  Table  3. 


TABLE  3 
ASPHALT  PROCESSING  CONDITIONS 


Material 

TA-1023-2 

TA-1024 

TA-1025 

TA-1026 

Temperature  °F. 

450-550 

500 

500 

500 

Air  Space  Velocity 
CFMT 

25-200 

25-100 

25-100 

25-100 

Oxygen  Concentration 
Per  Cent 

21-50 

21-50 

21-50 

21-50 

Agitator  R.P.M. 

700-1300* 

700 

700 

700 

•25CFM,  21j6  and  50%  oxygen,  500  °F.  only. 
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A.  Operating  Procedure 

The  operating  procedure  for  the  asphalt  blowing  apparatus  is 
composed  of  the  following  steps:   (a)  heating  a  charge  of  asphalt  in  the 
reactor,  (b)  blowing  with  a  feed  gas,  (c)  measuring  the  gas  flow  rates, 
(d)  recording  the  gas  analysis,  (e)  taking  asphalt  product  samples. 

The  first  step  in  the  start  of  the  asphalt  blowing  unit  is  to 
heat  a  charge  of  reaiduuB  to  a  temperature  of  475-500  °F.  in  the  asphalt 
storage  tank.  To  charge  the  storage  tank,  the  asphalt  suction  and  recir- 
culation return  lines  are  removed  and  the  translte  cover  taken  off. 
After  the  storage  tank  is  charged  with  asphalt,  the  cover  and  pipes  are 
replaced  and  the  asphalt  storage  heaters  turned  on  by  turning  the  three- 
heat  switch  to  the  high  position.  While  the  asphalt  charge  is  being  warmed 
in  the  tank,  the  asphalt  circulation  line  is  preheated  by  turning  on  the 
steam  to  the  copper  tubing  trace  line.  When  the  temperature  of  the  asphalt 
in  the  storage  tank  has  reached  225-250  °F.,  It  may  be  recirculated  with 
the  pump  to  provide  some  degree  of  agitation  in  the  storage  tank.  The 
recirculation  procedure  is  to  open  the  asphalt  suction  line  valve,  close 
the  recirculation  line  bottom  drain  valve,  close  the  reactor  feed  valve, 
open  the  recirculation  valve  to  the  asphalt  storage  tank,  close  the  vent 
valve  above  the  asphalt  suction  line  valve,  and  turn  on  the  pump.  The 
pump  Is  a  gear  type  pump  and  there  is  a  sufficient  residuum  seal  so  that 
it  will  pull  a  snail  vacuum  on  the  asphalt  suction  line  until  the  asphalt 
flow  la  started  from  the  storage  tank.  Once  the  recirculation  asphalt 
flow  is  started,  the  steam  may  be  turned  off  to  the  steam  trace  line  and 
the  auxiliary  heater  in  the  recirculation  line  turned  on.  This  heater 
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must  not  be  turned  on  unless  there  is  a  flow  of  asphalt  in  the  recircula- 
tion line.  Heating  and  recirculation  of  the  asphalt  is  continued  until 
the  temperature  of  the  asphalt  is  475-500  °F. 

A  charge  of  asphalt  i«  transferred  to  the  reactor  by  first  closing 
the  reactor  drain  valves,  closing  the  air  feed  valve,  reading  a  gross 
weight  on  the  Toledo  scales,  and  then  pumping  the  asphalt  to  the  reactor 
by  opening  the  reactor  feed  valve  and  closing  the  recirculation  valve  to 
the  storage  tank.  The  la3t  few  pounds  of  asphalt  charged  to  the  reactor 
nay  be  controlled  with  more  precision  by  opening  the  recirculation  valve 
to  the  storage  tank  and  throttling  the  asphalt  reactor  feed  valve.  When 
the  desired  charge  has  been  transferred  to  the  reactor,  the  reactor  feed 
valve  is  closed  and  a  final  reading  as  net  weight  is  taken  from  the  Toledo 
scales.  The  difference  in  the  weight  readings  of  the  scale  is  the  mass  of 
asphalt  charged  to  the  reactor.  If  a  continuous  run  is  made,  the  asphalt 
in  the  storage  tank  is  continually  recirculated  at  the  desired  reactor 
temperature.  If  a  batch  run  is  made,  the  recirculation  is  discontinued 
and  the  asphalt  lines  drained.  The  lines  are  drained  by  turning  off  the 
recirculation  heater,  opening  the  vent  valve,  allowing  the  pump  to  run 
several  minutes,  opening  the  recirculation  line  bottom  drain  valve  and 
shutting  off  the  pump.  An  asphalt  feed  run  sample  may  be  taken  from  the 
draining  residuum. 

Immediately  after  the  charge  of  asphalt  has  been  pumped  to  the 
reactor  the  reactor  temperature  controller  and  agitator  are  turned  on. 
The  reactor  is  continuously  heated  and  agitated  until  the  desired  opera- 
ting temperature  is  obtained.   To  pre-cool  the  condensers  cooling  water 
may  be  circulated  through  the  reactor  cooler,  electrical  precipitator  coll 
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and  water  condenser.  While  the  reactor  asphalt  charge  is  being  heated, 
the  analysis  instruments  are  turned  on  and  the  calibration  point  checked 
with  dry  air.  The  instruments  are  calibrated  for  a  specified  flow  rate 
of  gas:  the  oxygen  analyzer  flow  rate  is  125  cc.  per  minute  and  the 
thermal  conductivity  eel]  flow  rate  1b  800-900  cc.  per  minute.  The  zero 
point  for  the  oxygen  analyzer  is  a  21  per  cent  oxygen  scale  reading  for 
dry  air.  The  zero  point  for  the  thermal  conductivity  cell  is  a  zero 
millivolt  reading  on  the  Weston  Mlllivoltmeter  for  dry  air.  The  elec- 
trical incut  to  the  thermal  conductivity  cell  is  always  maintained  at 
6  volts  d.  c.  and  138  milliamperes  using  a  Mallory  power  supply.  The 
thermal  conductivity  cell  zero  adjustment  and  current  control  are  located 
on  the  panel  mounted  remote  control  unit.  The  knob  marked  "C  is  for 
current  adjustment  and  the  one  marked  "A"  is  for  mlllivoltmeter  indicator 
adjustment.  The  instruments  are  permitted  to  operate  with  a  continuous 
dry  air  sample  until  a  constant  zero  reading  is  obtained  on  the  thermal 
conductivity  cell  and  the  oxygen  analyzer  is  up  to  operating  temperature. 
Care  should  be  taken  when  opening  the  rotameter  feed  valve  on  the  panel 
board  for  the  air  gas  sample,  because  the  air  feed  valve  to  the  reactor 
is  closed  and  the  feed  gas  manometer  can  be  blown  readily  with  a  sudden 
surge  of  air. 

When  the  gas  analysis  instruments  have  been  zeroed  and  the  tempera- 
ture of  the  reactor  charge  is  up  to  the  conditions  desired,  the  actual 
blowing  operation  may  be  started.  The  valving  on  the  panel  board  is  checked 
to  insure  the  flow  of  two  separate  gas  streams  and  also  to  eliminate  the 
possibility  of  any  closed  valves.  The  power  source  for  the  electrostatic 
precipitator  is  turned  on  and  the  voltages  adjusted  to  29,000-31,000  volts 
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d.  c.  The  gas  feed  valve  to  the  reactor  is  then  opened  and  the  flow 
rate  of  feed  gas  to  the  reactor  is  started  and  adjusted  to  the  desired 
rate  at  the  now  panel  board.  For  a  batch  operation  the  time  that  the 
gas  flow  is  started  to  the  reactor  is  considered  zero  time  for  the  run. 
The  drain  valves  on  the  precipitator  and  water  condenser  are  closed  and 
the  valving  is  changed  on  the  gas  analysis  unit  so  that  a  continuous 
sample  of  converter  gas  may  be  taken.  Gas  flow  rates  are  continuously 
checked  and  adjusted  to  maintain  the  desired  flow  rate.  The  needle  valve 
on  the  converter  gas  discharge  back  pressure  line  la  adjusted  to  give  a 
slight  gas  flow  through  the  back  pressure  dip  tube.  This  back  pressure 
of  5  to  6  inches  of  water  provides  a  driving  force  for  the  gas  sample 
to  the  gas  analysis  unit.  At  frequent  intervals  flow  rate,  gas  analysis 
and  instrument  readings  are  recorded.  For  some  of  these  readings  asphalt 
reactor  samples  and  precipitator  samples  are  taken.  The  reactor  asphalt 
samples  are  taken  from  the  side  drain  allowing  a  small  flush  to  flow  from 
the  reactor  (2-3  ounces)  to  remove  the  previous  product.  The  weight  of 
sample  and  flush  is  recorded  so  that  a  material  balance  can  be  obtained 
and  the  residence  weight  of  asphalt  in  the  reactor  at  the  sample  time  can 
be  calculated.   Precipitator  and  water  samples  are  taken  by  closing  the 
top  drain  valves  and  opening  the  bottom  valves.  The  sample  is  in  the 
stand  pipe  between  the  valves.  Two  valves  are  provided  so  that  it  is 
possible  to  take  the  samples  without  lowering  the  pressure  in  the  reactor. 
Often  the  volume  of  the  sample  collected  is  larger  than  the  volume  of  the 
standplpe,  and  it  will  be  necessary  to  repeat  the  sampling  procedure  until 
the  complete  sample  is  obtained.  To  obtain  an  exact  sample  at  a  specified 
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time,  this  procedure  le  followed  prior  to  the  sample  time  so  that  when 
the  top  valve  is  closed  at  the  sample  time  no  part  of  the  sample  is 
omitted.  The  run  is  continued  in  this  manner  until  the  asphalt  charge 
in  the  reactor  is  at  the  desired  consistency.  For  batch  runs  the  final 
product  consistency  is  approximately  200  °F.  Ring  and  Ball.  This  point 
must  be  estimated  from  the  consistency  of  the  reactor  asphalt  samples. 
Often  when  the  asphalt  in  the  reactor  is  approaching  200  °F.  Ring  and  Ball 
the  side  asphalt  sample  line  plugs  with  the  hard  asphalt.   In  this  case  the 
asphalt  samples  may  either  be  taken  from  the  bottom  reactor  drain  valve 
or  by  heating  the  side  reactor  valve  with  a  small  gas  torch  and  melting 
the  solidified  asphalt.  When  the  asphalt  is  at  or  above  200  °F.  Ring  und 
Ball,  final  readings  and  samples  are  taken  and  the  reactor  contents  drained 
into  a  previously  tared  5  gallon  steel  bucket.  The  agitator  and  the  reac- 
tor temperature  controller  are  turned  off.  The  reactor  feed  gas  is  allowed 
to  flow  for  a  few  minut83  to  clear  the  air  feed  line  of  any  asphalt. 

The  reactor  feed  gas  is  shut  off  and  the  power  source  to  the  elec- 
trical precipitator  is  also  turned  off.  The  feed  gas  valve  to  the  reactor 
is  closed  and  clean  air  i3  again  turned  on  to  the  analysis  instruments 
to  sweep  them  of  any  residual  converter  gas  and  al3o  to  check  the  calibra- 
tion zero  point.  The  analysis  instruments  and  air  flow  are  turned  off  and 
the  asphalt  drain  bucket  weighed  to  obtain  the  final  weight  of  asphalt  for 
a  material  balance.  This  ends  the  operating  part  of  a  batch  run. 

The  conditions  and  procedure  for  making  a  continuous  run  are  simi- 
lar to  a  batch  run.  In  effect  they  are  a  combination  of  both  a  batch  and 
continuous  operation.  The  reactor  is  charged,  heated  and  blown  as  a  batch 
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operation  to  a  predetermined  Ring  and  Ball  consistency  as  estimated  from 
an  analysis  of  a  previous  batch  run.  When  the  desired  consistency  is 
obtained,  the  reactor  charge  is  blo«m  as  a  continuous  operation  by  simul- 
taneously introducing  fresh  asphalt  feed  and  removing  asphalt  product  at 
a  similar,  constant  rate.  The  feed  rates  are  determined  by  the  equiva- 
lent residence  time  that  the  fresh  asphalt  must  remain  in  the  reactor  to 
be  blown  to  the  desired  Ring  and  Ball  consistency.  The  continuous  run 
is  continued  in  this  manner  until  a  constant  converter  gas  analysis  is 
obtained  for  fixed  gas  flow  rates  and  asphalt  feed  rates.  The  continuous 
run  may  then  be  discontinued  and  the  reactor  charge  again  blown  as  a  batch 
operation  to  a  new  asphalt  product  consistency.  A  continuous  run  may  be 
repeated  again  with  decreased  asphalt  feed  flow  rates.  The  run  is  ter- 
minated in  the  same  manner  as  a  batch  run. 

During  continuous  or  batch  runs  an  indication  of  the  asphalt  liquid 
level  in  the  reactor  may  be  obtained  by  observing  the  manometer  pressure 
reading  for  the  inlet  reactor  feed  gas.  This  is  particularly  useful  for 
continuous  runs  when  the  asphalt  feed  and  product  flow  rates  are  being 
adjusted.  Best  results  are  obtained  for  controlling  a  continuous  asphalt 
feed  to  the  reactor  when  the  feed  valve  to  the  reactor  is  opened  slightly 
and  the  recirculation  valve  to  the  storage  tank  carefully  throttled.  A 
great  deal  of  caution  must  be  used  to  prevent  closing  the  recirculation 
line  valve,  because  the  displacement  pump  would  be  damaged. 

For  fortified  oxygen  runs  additional  amounts  of  pure  oxygen  is 
metered  into  the  asphalt  reactor  gas  to  increase  the  oxygen  feed  gas  con- 
centration. A  pressure  reducing  valve  on  the  oxygen  cylinder  reduces  the 
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pressure  to  a  low  value  and  the  flow  rate  of  the  gas  is  then  metered  with 
the  oxygen  rotameter.  The  composition  of  the  feed  gas  is  checked  several 
times  during  a  run  by  closing  the  converter  gas  sample  line  and  opening 
the  feed  gas  sample  line  to  the  analysis  unit.  The  composition  of  the 
feed  gas  is  Indicated  when  consistent  readings  are  obtained  from  the 
analysis  unit. 

As  a  run  progresses  the  mass  of  the  asohalt  charge  in  the  reactor 
decreases  due  to  losses  by  blowing  and  from  sampling.  To  maintain  a  con- 
stant gas  to  asphalt  ratio  for  the  particular  run  conditions,  the  reactor 
feed  gas  flow  rate  is  continuously  adjusted  for  the  estimated  asphalt  mass 
in  the  reactor.  Dew  points  of  the  converter  gas  are  obtained  with  the  dew 
point  apparatus  at  the  gas  analysis  unit  during  batch  runs  and  at  the  panel 
board  converter  rotameter  during  continuous  runs.  The  converter  rotameter 
is  used  to  prevent  any  change  in  reactor  gas  pressure  during  a  continuous 
run.  A  drop  in  the  reactor  gas  pressure  generally  results  in  an  increased 
asphalt  feed  flow  rate.  The  double  valve  sampling  device  on  the  electrical 
precipitator  and  water  condenser  was  developed  to  eliminate  this  pressure 
drop  while  sampling.  All  equipment  drain  valves  are  left  open  when  the 
equipment  is  not  in  operation. 


B.  Analytical  Procedures 
In  this  study  the  extent  of  reaction  in  the  asphalt  reactor  charge 
was  determined  by  the  converter  gas  analysis  and  the  change  in  physical 
properties  of  the  asphalt  product.  The  asphalt  properties  that  were  meas- 
ured were  softening  point  and  penetration  while  the  volume  per  cent  oxygen, 
carbon  dioxide  and  water  were  determined  for  the  converter  gas.  The  electrical 
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precipitator  and  water  condenser  products  were  separated  into  an  oil 
and  aqueous  sample.   Acid  numbers  were  determined  for  these  fractions. 

The  softening  point  of  the  asphalt  product  and  feed  samples  were 
run  by  the  A.  S.  T.  M.  Ring  and  Ball  method,  designation  D  36-26  (4). 
The  standard  method  was  followed  and  a  quadruple  holder  unit  was  used  to 
permit  attachment  of  four  brass  rings.   A  water  bath  was  used  for  mate- 
rials having  softening  points  below  176  °F.  and  a  glycerin  bath  for  the 
higher  softening  point  asphalts.  A  small  air  agitator  was  used  to  provide 
agitation  when  using  the  more  viscous  glycerin.  The  values  of  Ring  and 
Ball  are  reported  as  temperature  degrees  Fahrenheit.  Asphalt  penetration 
values  were  measured  with  a  standard  penetration  apparatus  and  needle 
according  to  the  A.  S.  T.  M.  procedure  designation  D  5-25  (3).  The  load 
time  and  temperature  for  the  penetration  tests  were  100  gm.,  5  seconds 
and  77  °F.  (25  °C.)  respectively. 

The  oil  and  water  mixtures  from  the  electrical  precipitator  and 
condenser  were  separated  into  two  samples,  one  aqueous  and  one  oil,  by 
centrifuglng  and  decantation.  The  volume  of  each  water  sample  was  measured 
and  likewise  the  weight  of  the  oil  sample  was  determined.  The  acid  numbers 
for  the  electrical  precipitator  and  condenser  products  were  evaluated  for 
the  purpose  of  completing  an  oxygen  material  balance  for  the  asphalt  blow- 
ing products.  The  aqueous  fraction  of  the  sample  was  titrated  with  0.1N 
sodium  hydroxide  using  phenolphthalein  for  an  end  point  indicator.  The 
acid  number  for  the  oil  fraction  of  the  sample  was  obtained  by  a  color 
Indicator  titration  following  the  A.  S.  T.  M.  procedure  D  663-46T  (2). 
A  standard  0.1N  sodium  hydroxide  solution  was  used  instead  of  the  suggest- 
ed potassium  hydroxide  solution. 
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The  gas  composition  of  the  converter  gases  was  measured  with  the 
gas  analysis  unit  instruments.  The  Beckman  oxygen  analyzer  gave  a  direct, 
continuous  reading  in  volume  per  cent  oxygen.  The  thermal  conductivity 
cell  ternary  calibration  plot  was  used  to  obtain  the  carbon  dioxide  content 
in  the  converter  gases.  The  conductivity  cell  millivolt  output  and  the 
oxygen  analysis  were  the  only  parameters  required  to  estimate  directly 
the  precentage  of  carbon  dioxide  gas.  The  partial  pressure  of  water  vapor 
in  the  exit  converter  gas  was  determined  from  the  dew  point  analysis. 
The  volume  per  cent  of  water  in  the  converter  gas  is  equal  to  the  partial 
pressure  of  the  water  divided  by  the  total  pressure.  The  total  pressure 
was  assumed  to  be  equal  to  one  atmosphere  at  all  times.  Since  the  oxygen 
and  carbon  dioxide  analysis  was  made  using  a  dried  converter  gas,  it  was 
necessary  to  correct  the  Indicated  analysis  of  tho3e  gases  for  the  effect 
of  water  vapor. 

As  the  concentration  of  carbon  dioxide  in  the  converter  gas  was 
very  small,  no  corrections  were  made  for  the  oxygen  analyzer  analysis. 
Orsat  analyses  for  percentage  oxygen  and  carbon  dioxide  in  the  converter 
gas  were  measured  at  intervals  to  check  the  operation  of  the  gas  analysis 
unit.  The  Orsat  gas  analyzer  was  used  to  obtain  the  original  thermal 
conductivity  cell  calibration  and  ternary  plot  for  gaseous  mixtures  of 
oxygen,  nitrogen  and  carbon  dioxide. 


VI.   CALCULATIONS 

The  experimental  data  for  the  batch  and  continuous  rune  were 
analyzed  for:   (a)  kinetics,  development  of  rate  equations  and  evalua- 
tion of  reaction  rate  constants:  (b)  reaction  mechanism,  kinetic  order, 
oxygen  balance  and  utilization,  and  reaction  products;  (c)  scale  up, 
comparison  of  batch  and  continuous  data  and  practical  application.  A 
tabulation  of  the  calculated  results  for  all  experimental  runs  is  in- 
cluded in  the  Appendix. 

A.  Kinetics 

The  general  rate  equation  for  the  reaction  rate  of  the  processed 

asphalts  was  assumed  to  be  related  to  various  physical  process  variables 

in  the  form  of  the  expression 

dR/dt  -  kr^s'll'  (1) 

where 

dR/dt  *  rate  of  change  of  softening  point  or 
gross  asphalt  blowing  reaction  rate 

R  =  asphalt  Ring  and  Ball  softening  point,  °F. 

S  =  process  gas  space  velocity,  (ft.3)/(min.) (ton  asphalt) 
at  (70  °F.,  1  atra.) 

P  •  original  process  gas  oxygen  concentration,  vol.  % 
t  •  process  reaction  time,  hours 
p,  s,  r  ■  exponents  on  the  process  variables 
k  =  pseudo  reaction  velocity  constant 
This  form  of  the  rate  equation  suggests  that  the  rate  of  reaction 
is  a  function  of  the  space  gas  velocity  and  the  feed  gas  oxygen  concentra- 
tion. Temperature  is  another  variable  but  is  included  in  the  pseudo 
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reaction  velocity  constant,  k.  The  values  of  the  exponents,  p,  r,  and 
s,  indicate  the  reaction  order  for  the  process  variables.  The  degree  of 
variation  of  the  pseudo  reaction  velocity  constant,  k,  with  temperature 
will  Indicate  certain  conclusions  regarding  the  rate  controlling  mecha- 
nism. The  resulting  equation  with  all  constants  evaluated,  can  be  used 
for  scale  up  and  design  considerations  for  larger  commercial  processing 
units. 

The  exponents  and  constants  In  the  general  rate  equation  may  be 
evaluated  by  putting  the  equation  in  the  logarithmic  form  as 

ln(dR/dt)  -  lnCkF^sV)  (2) 

or 

ln(dR/dt)  -  lnfrpV)  ♦  rlnR  (3) 

If  the  logarithm  of  the  reaction  rate  (dR/dt)  is  plotted  on  the  ordinate 
against  the  logarithm  of  asphalt  consistency  (R)  on  the  abscissa,  and 
the  plot  results  in  a  straight  line,  the  slope  of  the  line  Is  the  expo- 
nent, r,  and  the  Intercept  Is  ln(kPpS  ).  Each  batch  run  may  be  plotted 
as  a  line  to  give  a  measured  value  of  elope  and  an  intercept  value  at 
InR  -  0.  For  this  general  treatment  of  the  data  to  be  of  any  value,  the 
value  of  the  slope  for  all  runs  must  be  the  same.  However,  the  Intercept 
values  will  not  be  constant  because  the  Intercept  Is  a  function  of  k, 
S  and  P. 

The  values  of  the  remaining  exponents  p,  s,  and  constant,  k,  may 
be  obtained  from  the  Intercept  data  as 

I.  -  InCkpPs3)  (4) 
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and 

Ia  =  ln(kPP)  +  sins  (5) 

where 

Ia  •  intercept  of  ln(dfl/dt)  versus 
InR  plot  at  InR  =  0 

The  intercept,  Ia)  is  now  plotted  as  the  ordinate  value  and  InS 
on  the  abscissa.  The  resulting  curves  should  be  plotted  as  straight 
lines  with  parameters  of  oxygen  concentration.  The  slopes  of  this  plot 
should  again  be  constant  and  will  be  the  value  of  the  exponent,  s.  The 
intercept  will  be  equal  to  the  lntk.pP)  at  the  value  of  InS  -  0. 

The  intercept  equation  from  this  second  logarithm  plot  may  now 
be  written  as 

Ib  -  lnCkr*)  (6) 

or 

Ib  »  Ink  +  plnP  (7) 

where 

I),  =  intercept  of  the  Ia  versus  InS  plot 
at  InS  ■  0. 

The  intercept  values  for  this  equation  are  again  plotted  on  the 
ordinate  against  abscissa  values  of  InP.  The  resulting  curve  for  this 
plot  should  be  a  straight  line  with  a  slope  value  of  p  and  an  intercept 
value  of  Ink  at  InP  •  0.  The  value  of  k  is  then 

la  -  Ink  (8) 

k  =  eIc  (9) 
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where 

Ic  ■  Intercept  of  the  Ih  versus  InP  plot 
at  InP  ■  0. 

e  =  base  of  natural  logarithms 
The  pseudo  reaction  velocity  constant,  k,  will  be  a  specific  value  for 
any  given  temperature.  In  the  preceding  analysis  only  the  data  at  one 
given  temperature  are  evaluated  together  to  derive  the  desired  values 
of  exponents  and  constants. 

This  procedure  Is  repeated  for  treatment  of  data  at  different 
temperatures.  The  resulting  values  of  the  exponents,  p,  r,  and  s,  should 
be  constant  and  Independent  of  the  temperature  If  a  general  reaction  rate 
expression  Is  to  be  developed.  The  only  variable  constant  Is  k,  the 
pseudo  reaction  velocity  constant,  which  Is  a  function  of  the  reaction 
temperature. 

B.   Reaction  Mechanism 

The  reaction  mechanism  for  the  asphalt  blowing  reaction  can  be 
described  by  the  order  of  the  process  variables  In  the  general  reactlom 
rate  equation,  by  the  variation  of  the  reaction  velocity  constant  with 
temperature,  and  by  the  oxygen  utilization  and  oxygen  balance  for  the 
reacting  asphalts. 

The  order  of  reaction  for  the  previously  described  rate  equation 
(Equation  1)  is  the  sura  of  all  the  exponents,  p,  r,  and  s,  on  the  process 
variables,  P,  R,  and  S.  The  order  with  respect  to  each  variable  la  the 
value  of  the  exponent  for  that  variable.  The  exponents  are  usually  simple 
positive  integers,  but  they  may  be  fractional  or  even  negative,  depending 
upon  the  complexity  of  the  reaction. 
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For  a  true  chemical  reaction  rate  the  specific  reaction  rate 
constant,  k\  is  a  function  of  the  processing  temperature  and  is  related 
to  the  temperature  by  the  Arrhenlus  equation 

*'  "  Ae-E/RT  (10) 


where 


Ink1  -  -E/RT  4  InA  (11) 

k'  ■  specif io  reaction  velocity  constant 

E  =  the  molal  energy  of  activation 

A  -  proportionality  factor  characteristic  of  the  system 
and  termed  the  frequency  factor 

R  »  gas  constant 
T  =  absolute  temperature 
If  the  Ink'  Is  linear  with  l/T  the  molal  energy  of  activation 
can  be  evaluated  by  plotting  the  Ink'  against  reciprocal  absolute  tem- 
perature, l/T.  It  is  usually  found  that  this  plot  is  nearly  linear  with 
a  negative  slope,  and  the  value  of  the  slope  is  equal  to  -E/R.  High 
values  of  the  activation  energy,  E,  is  typical  of  reactions  where  the 
chemical  reaction  step  is  the  rate  controlling  mechanism.  Low  values  of 
the  activation  energy,  E,  indicate  a  reaction  where  the  rate  of  diffusion 
is  the  controlling  mechanism.  A  pseudo  molal  energy  of  activation  for 
the  asphalt  blowing  process  can  be  evaluated  If  k  from  Equation  9  is 
substituted  for  k  In  Equation  11.  This  pseudo  energy  of  activation  can 
be  used  to  derive  certain  conclusions  regarding  the  rate  controlling 
mechanism. 
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Oxygen  utilization  for  the  asphalt  blowing  process  Is  determined 
by  the  disappearance  of  gaseous  oxygen  from  the  process  gas  streams.  An 
oxygen  balance  for  the  process  Is  an  accounting  and  comparison  of  the 
oxygen  In  the  feed  gas  against  the  oxygen  in  the  reacted  products.  This 
balance  Includes  the  accounting  of  oxygen  in  the  converter  gas  and  pre- 
cipitator products  as  oxygen  (02),  carbon  dioxide  (CO,),  water  vapor 
(H-0  ),  water  (h^O,)  and  acids.  The  mass  weight  of  oxygen  Is  calculated 
for  specified  time  Intervals  by  using  an  average  gas  concentration  over 
the  time  interval  used.  Cumulative  oxygen  results  are  used  and  reduced 
to  a  basis  per  one  pound  of  asphalt  reacted, 

The  values  for  the  oxygen  balance  for  the  gaseous  products  are 
calculated  from  the  general  equation 

(G)(C)(At)(f)  -  lbs.  oxygen  (12) 

where 

G  »  gas  flow  rate,  CFM,  70  °F.,  1  atmosphere 
C  *   gas  concentration,  volume  per  cent 
At  =  time  Interval,  hours 
d  -  gas  density,  lbs ./ft. 

f  »  conversion  factor,  lbs.  oxygen/lbs.  gas 
Table  4  is  a  listing  of  some  of  the  gas  properties  that  were  used  in 
this  equation.  The  conversion  factor,  f,  is  the  equivalent  weight  of 
oxygen,  Oj,  per  unit  weight  of  carbon  dioxide,  air  and  water. 
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TABLE  U 
GAS  PROPERTIES 


Gas 

Density,  d 
Lb. /Ft.3 
70  °F.,  1  Atm. 

Conversion  Factor,  f 
Lbs.  Oo/Lb.  Gas 

°2 

0.0892 

1.0 

co2 

0.1235 

0.728 

H20  (g) 

0.0501 

0.888 

Air 

0.0808 

0.231 

N2 

0.0780 

The  amount  of  oxygen  in  the  condensed  liquid  water  from  the  pre- 
cipitator was  determined  by  the  relation 

0.001956 (v)  =  lbs.  oxygen  (13) 

where 

v  =  the  volume  of  water,  cc. 
The  oil  and  aqueous  precipitated  samples  were  titrated  for  acid  deter- 
mination by  assuming  that  the  acid  was  formic  acid.  The  equivalent 
amount  of  oxygen  as  acid  was  then  calculated  by  the  relationship 

7.05  x  10_5(V)(B)(N)  -  lbs.  oxygen  (U) 


where 


V  *  volume  of  water  or  weight  of  oil  sample, 
CO.  and  gms.  respectively 

B  *  volume  of  sodium  hydroxide  per  ec.  of 
water  or  per  gm.  or  oil,  ce. 

N  ■  normality  of  the  sodium  hydroxide 
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The  feed  and  converter  gas  flow  rates  were  obtained  from  the  gas 
rotameter  data.  Since  the  metered  gas  temperatures  and  pressures  were 
essentially  70  °F.  and  1  atmosphere,  no  rotameter  correction  factors 
were  UBed.  The  amount  of  oxygen  In  the  feed  gases  was  very  easily  cal- 
culated from  the  rotameter  data  because  the  concentration  of  oxygen  was 
either  21  per  cent  for  air  or  100  per  cent  for  pure  oxygen.  The  gas 
concentrations  in  the  converter  gas  were  those  values  that  were  recorded 
from  the  gas  analysis  unit  and  corrected  from  a  dry  basis  to  a  wet  gas 
basis  by  the  following  relationship 

Pp.(G02,  N2,  02)  -  D(760-Pp.  H20g)  (15) 

where 

D  »  concentration  of  gas  on  dry  basis, 
volume  per  cent 

Pp.  H20  »  partial  pressure  of  the  water  vapor  in  the  conver- 
ter gas  as  determined  from  the  dew  point 

Pp.(G02,  N2,  02)  •  partial  pressure  of  the  converter  gases  on 
a  wet  gas  basis 

The  partial  pressure  of  the  various  gases  on  a  dry  basis  was  calculated 

from  the  gas  analysis  data  by  the  expression 

Pp.  gas  -  760D  (16) 

The  gas  concentration,  C,  is  determined  from  the  partial  pressure  of 

the  converter  gaa  on  a  wet  basis  by  the  relation 

G  -  Pp.(C02,  N2,  02)/760  (17) 

A  constant  pressure  of  1  atmosphere  or  760  ma.  Hg.  was  assumed 

for  all  calculations.  For  the  feed  gas  oxygen  balance  the  weight  of 

oxygen  as  Oj  and  equivalent  weight  of  02  as  air  was  added  for  each  time 
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Interval  to  give  the  total  pounda  of  oxygen  feed.  For  the  converter 
gas  oxygen  balsnce  the  weight  of  oxygen  as  02  and  the  equivalent  weights 
of  02  as  C02,  H20  and  acids  were  added  for  each  time  Interval  to  give 
the  pounda  of  oxygen  in  the  converter  gas.  The  amount  of  oxygen  used  or 
the  oxygen  utilization  was  the  difference  between  the  oxygen  in  the 
feed  gas  and  the  oxygen  as  pure  02  in  the  converter  gas.  The  difference 
between  the  total  oxygen  feed  and  the  sua  of  the  oxygen  and  equivalent 
oxygen  In  the  converter  gas  is  the  oxygen  loss  or  unaccountable  oxygen. 
The  amount  of  oxygen  calculated  in  the  previous  equations  was  based  on  the 
total  asphalt  charge  ta  the  reactor.  This  charge  decreased  during  the 
course  of  a  batch  reaction  and  did  not  remain  constant,  because  of  samp- 
ling, entralnraent  and  reaction  losses.  The  amount  of  asphalt  in  the 
reactor  at  any  time  during  the  reaction  was  determined  by  a  material 
balance.  The  calculated  values  of  oxygen  for  any  time  Interval  were 
reduced  to  a  basis  of  one  pound  of  asphalt  by  dividing  the  mass  of  oxygea 
by  the  average  weight  of  the  asphalt  reactor  charge  for  the  same  time 
Interval.  The  results  were  plotted  as  a  cumulative  plot  of  pounds  of 
oxygen  per  pou»d  of  asphalt  versus  elapsed  reacting  time. 

C.  Scale  tip 
All  batch  runs  were  analyzed  and  calculated  by  the  preceding  reac- 
tion rate  and  oxygen  balance  methods.  Continuous  runs  were  also  evaluated 
by  these  methods  and  compared  to  the  batch  run  results.  The  two  types 
of  operation  can  be  compared  only  at  a  similar  asphalt  residence  time, 
using  a  differential  treatment  for  continuous  operation  and  an  integral 
treatment  for  batch  operation. 
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For  continuous  runs  there  was  a  continuous  asphalt  feed  and  siaul- 
taneous  removal  of  asphalt  product.  As  the  mass  of  the  asphalt  charge 
In  the  reactor  was  kept  constant,  the  asphalt  residence  time  In  the  reac- 
tor was  equal  to  the  mass  of  the  asphalt  charge  divided  by  the  asphalt 
feed  rate,  that  la 

tc  -  Ma/Fa  (18) 

where 

tc  •  asphalt  residence  time,  hours 
lla  =  mass  asphalt  In  the  reactor,  pounds 
Fa  «  feed  rate  of  fresh  asphalt,  pounds  per  hour 
The  asphalt  residence  time,  tc,  for  continuous  operation  is  equivalent 
to  the  elapsed  reacting  time,  t,  for  batch  operation.  The  differential 
analysis  for  continuous  operation  requires  only  a  material  balance  around 
the  reactor  while  the  integral  evaluation  requires  determining  areas 
under  curves  plotted  from  the  initial  to  the  final  reaction  time,  t. 

The  batch  and  continuous  runs  were  compared  for  product  consisten- 
cies and  oxygen  utilization  at  equivalent  residence  times.  In  a  subse- 
quent section  practical  application  of  the  developed  rate  equation  is 
illustrated  by  a  sample  calculation  for  the  design  of  a  commercial  reac- 
tor vessel.  The  calculated  results  using  the  developed  rate  equation 
are  compared  with  the  actual  commercial  reactor  data. 


VII.   RESULTS  AND  DISCUSSION 

The  majority  of  the  batch  and  continuous  runs  were  made  by  using 
the  Gulf  Coa3t  Asphalt,  TA-1023-2.  A  total  of  thirty  runs  were  made 
for  this  residuum.  The  process  condltione  that  were  studied  Included 
temperature,  feed  gas  space  velocity  (flow  rate),  feed  gas  oxygen  con- 
centration and  agitator  speed.  Nine  additional  runs  using  the  East  Texas 
TA-102A,  East  Central  Texas  TA-1025  and  the  South  Texas  Heavy  TA-1026 
residua  were  made  for  purposes  of  comparison  with  the  TA-1023-2  Oulf 
Coast  material.  These  four  types  of  materials  represent  four  different 
types  of  asphalt. 

The  analysis  of  the  data  was  made  according  to:   (a)  kinetics, 
(b)  reaction  mechanism,  and  (c)  scale  up. 

A.  Kinetics 
The  general  rate  equation  relating  the  process  variables  to  the 
reaction  rate  was  evaluated  to  describe  the  reaction  rate  of  the  processed 
asphalts.  This  equation 

dR/dt  -  kpVR1"  (1) 

-as  put  in  the  logarithmic  form  and  the  exponents  and  reaction  rata  con- 
stants were  evaluated  as  outlined  In  the  calculation  procedures. 

Reaction  rate  data  Is  obtained  by  plotting  a  curve  of  Ring  and  Ball 
softening  point  against  reaction  time.  The  slope  at  any  point  on  the 
resulting  curve  is  the  reaction  rate  dR/dt  when  R  Is  plotted  on  the  abscissa 
and  t  on  the  ordinate.  A  typical  set  of  batch  runs  are  plotted  in  this 
manner  and  shown  in  Figure  5.  Each  curve  in  Figure  5  Indicates  a  batch 
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Reaction  Tlae  (t) 

Figure  5.  Softening  Point  and  Reaction  Time  Relation  for  Batch  Runs  Using 
Gulf  Coast  Asphalt  TA-1023-2 
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run  for  given  process  conditions  of  space  gas  velocity,  oxygen  concen- 
tration, agitation  rate  and  reaction  temperature. 

Each  curve  shown  in  Figure  5  is  the  result  of  one  batch  run. 
The  reproducibility  of  the  data  for  the  batch  runs  was  checked  by  making 
duplicate  runs  for  similar  process  conditions.  Figure  6  is  a  comparison 
of  two  batch  runs  for  the  Gulf  Coast  asphalt,  TA-1023-2,  which  were 
processed  under  similar  conditions  of  temperature,  feed  gas  space  velocity, 
oxygen  concentration  and  agitation  rate.  The  results  for  the  two  batch 
runs  shown  in  Figure  6  check  within  the  limits  of  experiaental  error  for 
Ring  and  Ball  analysis.  Table  5  Is  a  tabulation  of  the  results  when 
the  two  batch  runs  in  Figure  6  are  compared. 

TABLE  5 
REPRODUCIBILITY  OF  BATCH  RUN  DATA 


Run 
No. 

Reaetion 

Time,   t 

Hours 

Softening 

Point 

°F. 

Oxygen 
Utilization 
Lb.   02/Lb.   Asphalt 

Unaccountable 

Oxygen 

Lb.   Oj/Lb.   Asphalt 

406 

U2 

2.1 
3.1 

4.0 

2.2 
3.2 

4.0 

120 
160 

200 

120 
160 

200 

0.040 
0.056 
0.068 

0.035 
0.060 
0.070 

0.011 
0.020 
0.019 

0.017 
0.023 
0.021 

From  Figure  5  the  slopes  of  the  batch  run  curves  at  various  values 
of  R  are  plotted  in  the  logarithmic  Equation  3 

ln(dR/dt)  =  ln(kPp33)  +  rlnR  (3) 
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Reproducibility  of  Batch  Run  Data,  Gulf  Coast  Asphalt  TA-1023-2 
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as  the  ln(dR/dt)  against  the  lnR.  The  resulting  straight  line  plots  are 


those  given  in  Figure  7.  In  all  the  batch  runs  the  asphalt  was  reacted 
to  consistencies  of  190-220  °F.  Ring  and  Ball.  The  limits  of  the  curves 
in  Figure  7  are  product  consistencies  of  200  °F.  Ring  and  Ball  which  were 
selected  as  the  upper  limits  for  the  processing  analysis  of  this  inves- 
tigation. The  average  of  the  slopes  of  the  curves  was  equal  to  one  and 
each  curve  was  adjusted  to  this  value  to  give  a  corrected  intercept  value 
at  lnR  =  0.  A  tabulation  of  the  original  slopes  and  the  intercept  values 
based  on  a  common  slope  of  one  are  listed  in  Table  6  for  the  runs  shown 
in  Figure  7. 


TABLE  6 
SLOPE  AND  INTERCEPT  VALUES  FROM  FIGURE  7 
GULF  COAST  ASPHALT  TA-1023-2 
TEMPERATURE  -  500  °F. 
AGITATOR  SPEED  =  700  R.P.M. 


Run 
No. 

S 
CFMT 

P 

%  o2 

Slopes 

Intercepts 
(Slope  =  1.0,  lnR  ■  0) 

404 

25 

21 

1.16 

-1.60 

406 

100 

21 

0.91 

-1.28 

407 

200 

21 

0.60 

-1.06 

414 

25 

50 

1.28 

-0.91 

415 

100 

50 

0.95 

-0.64 

421 

100 

35 

1.01 

-0.81 

423 

25 

35 

1.10 

-1.16 
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Figure  7.      Reaction  Rate  and  Product  Consistency  for  Batch  Runs,   Gulf  Coast 
Asphalt  TA-1023-2 
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The  experimental  values  of  the  slopes  show  an  average  variation 
of  15.6  per  cent  with  a  maximum  of  40  per  cent  for  run  407.  The  use  of 
a  common  slope  of  one  is  believed  valid  for  this  analysis.  As  will  be 
shown  later,  the  average  observed  data  are  within  7.2  per  cent  of  predict- 
ed values  by  the  procedure  used.  The  slope  variations  found  do  not  show 
trends  for  space  gas  velocity  and  oxygen  concentration.  Since  all  the 
slopes  have  approximately  the  sane  value,  this  provides  the  basis  for 
the  use  of  a  common  slope.  The  selection  of  a  common  slope  greatly  sim- 
plifies the  correlation  of  the  data.  The  important  point  is  to  recog- 
nize the  limitations  of  the  relations  presented  for  design  application. 
The  intercept  values  from  Table  6  were  plotted  against  InS  according  to 
Equation  5, 

Ia  =  lndcf^)  ♦  slnS  (5) 

This  data  gave  a  family  of  straight  lines  with  a  constant  slope  value 
of  s  equal  to  0.23.  The  parameter  for  this  set  of  curves  is  the  value 
of  oxygen  concentration,  P.  The  curves  are  plotted  In  Figure  8  and  the 
intercept  values  at  InS  =  0  are  tabulated  in  Table  7. 

The  intercept  values  from  Table  7  were  next  plotted  against  the 
InP  as  indicated  in  Equation  7 

Ib  =  Ink  +  plnP  (7) 

to  evaluate  the  remaining  rate  equation  constants,  p  and  k.  The  slope 
of  this  straight  line  plot  was  equal  to  the  exponent,  n,  and  the  value 
was  0.83.  The  value  of  the  intercept,  Ink,  was  evaluated  at  InP  -  0 
and  the  value  of  k  was  equal  to  0,0064.  Figure  9  is  a  plot  of  the  intercept 
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Figure  9.  Evaluation  of  Rate  Equation  Exponent,  p,  and  PseuJo 
Reaction  Velocity  Constant,  k 
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data  In  Table  7  versus  InP  The  remaining  batch  runs  for  different  tempera 
tures  and  asphalts  were  analyzed  and  evaluated  by  this  same  procedure. 
The  data  for  all  the  runs  was  plotted  according  to  Figures  7,  8  and  9 
and  the  values  of  the  exponents,  p,  r,  and  s,  were  determined. 


TABLE  7 

SLOPE  AND  INTERCEPT  VALUES  FROM  FIGURE  8 

GULF  COAST  ASPHALT  TA-1023-2 

TEMPERATURE  »  500  °F. 
AGITATOR  SPEED  -  700  R.P.M. 


p 

*°2 

Slope 

Intercept 

laS  -  0 

21 

0.23 

-2.66 

35 

0.23 

-2.23 

50 

0.23 

-1.73 

The  values  of  the  exponent  constants  that  best  fit  the  data  for 
the  four  different  processed  residues  are 

r  -  1.0 

s  »  0.2 

p  -  0.9 
The  corresponding  values  for  the  pseudo  reaction  velocity  constant,   k, 
are  tabulated  in  Table  8  for  one  asphalt  at  three  different  temperatures 
and  the  other  three  asphalts  at  500  °F. 
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TABLE  8 

PSEUDO  REACTION  VELOCITY  CONSTANTS 

AGITATOR  SPEED  -  700  R.P.M. 


Temp. 

Pseudo  Reaction  Velocity  Constant,   k 

°F. 

TA-1023-2 

TA-1024 

TA-1025 

TA-1026 

450 

0.0045 

500 

0.0061 

0.0090 

0.0070 

0.0056 

550 

0.0081 

The  pseudo  energy  of  activation,  E,  was  determined  by  plotting 
the  Ink  versus  the  reciprocal  of  the  absolute  temperature  l/T  and  measur- 
ing the  slope  of  the  resulting  straight  line.  According  to  Equation  11 

Ink  *  -E/RT  ♦  InA  (U) 

the  negative  slope  of  the  plot  is  equal  to  -E/R.  The  value  of  E  deter- 
mined from  the  slope  of  the  curve  in  Figure  10  was  5800  calories  per 
gm.  mole. 

The  effect  of  agitation  was  evaluated  by  changing  the  agitator 
speed  from  700  r.p.m.  to  1300  r.p.m.  and  making  batch  runs  at  similar 
process  conditions.  An  increase  in  the  value  of  the  pseudo  reaction 
velocity  constant  is  the  only  variation  to  be  expected  for  batch  runs 
with  a  higher  degree  of  agitation.  It  was  determined  that  the  batch  runs 
using  a  higher  agitator  speed  followed  the  same  general  rate  equation 
and  the  values  of  the  reaction  velocity  constant  varied  as  shown  in  Table 
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Figure  10.     Variation  of  Pseudo  Reaction  Velocity  Constant,   k,   with 
Temperature  for  Gulf  Coast  Asphalt  TA-1023-2. 
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TABLE  9 


VARIATION  OF  THE   PSEUDO  REACTION  VELOCITY  CONSTANT 
WITH  AGITATION 

TEMPERATURE  -   500  °F. 

ASPHALT  TA-1023-2 


Agitator  Speed 
R.P.M. 


700  0.0061 

1300  0.0062 


The  small  Increase  In  the  value  of  k  for  the  Increased  agitator 
speed  suggests  that  the  degree  of  agitation  that  was  used  In  this  Inves- 
tigation was  above  the  maximum  agitation  threshold.  When  this  threshold 
value  is  obtained,  the  degree  of  agitation  is  no  longer  a  process  vari- 
able. The  rate  of  reaction  will  then  depend  upon  other  process  variables. 

The  rate  equation  that  was  developed  for  the  asphalt  blowing  pro- 
cess was  checked  by  substituting  process  conditions  and  reaction  times 
to  aalculate  final  asphalt  consistencies.  The  calculated  value3  were 
checked  against  the  experimentally  determined  values  for  the  batch  runs. 
The  agreement  of  the  developed  equation  was  cheeked  for  all  batch  runs 
using  the  equation 

dR/dt  -  kS°'2P0-9R  (19) 

or  in  the  Integrated  form 

lnR^  =  ktS°-V-9  (20) 
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The  values  of  k  and  R0  that  were  used  for  the  different  process  condi- 
tions and  asphalts  were  taken  from  Tables  8  and  1  respectively.  The 
average  percentage  variation  of  the  calculated  consistencies  based  on  the 
experimental  values  are  tabulated  In  Table  10. 


TABLE  10 
PERCENTAGE  ERROR  FOR  REACTION  RATE  EQUATION 


EQUATION  lnfR-,/^)   =  kt3°" 

2p0.9 

Per  Cent  Error  for  Asphalt 

Ten  p. 
°F. 

TA-1023-2 

TA-1324 

TA-1025 

TA-1326 

450 

4.1 

... 

... 

500 

7.1 

3.4 

3.6 

9.5 

550 

15.1 

... 

... 

... 

For  all  batch  runs  the  overall  percentage  variation  for  agree- 
ment to  the  developed  rate  equation  was  7.2  per  cent. 
B.  Reaction  Mechanism 

The  order  of  the  reaction  for  the  asphalt  blowing  process  is  the 
sun  of  the  exponents  on  the  process  variables  and  is  approximately  a  pseudo 
second  order  reaction.  The  order  with  respect  to  each  variable  is  the 
value  of  the  exponent  for  that  particular  variable.  The  developed  rate 
equation  suggests  that  the  mechanism  is  0.2  order  with  space  gas  velocity, 
0.9  order  with  oxygen  concentration  and  first  order  with  Ring  and  Ball 
consistency.  These  are  all  pBeudo  order  values  based  on  physical  variables. 
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The  evaluated  constant,  E,  the  pseudo  raolal  energy  of  activation, 
was  5800  calorles/gm.  mole.  This  is  a  rather  low  value  for  the  activa- 
tion energy  and  indicates  a  reaction  mechanism  with  diffusion  controlling. 
The  reaction  rate  for  this  mechanism  depends  on  the  rate  at  which  the 
active  reacting  gaseous  agent  (oxygen)  is  transferred  to  the  liquid  asphalt 
interface.   Process  conditions  that  would  increase  this  mass  transfer  of 
oxygen  would  be  increased  agitation,  increased  gas  space  velocity  and 
increased  oxygen  concentration  in  the  feed  gas. 

The  oxygen  utilization  for  the  four  different  types  of  residua 
was  a  function  of  the  asphalt  product  consistency  and  was  Independent 
of  the  processing  conditions.  The  pounds  of  oxygen  utilized  per  pound 
of  asphalt  processed  was  plotted  against  the  change  in  Ring  and  Ball 
consistency  of  the  asphalt.  This  average  curve  for  the  Gulf  Coast  re- 
siduum is  shown  in  Figure  11 .  Curves  for  the  other  three  residua  are 
Indicated  in  Figures  12,  13  and  H.  Table  11  is  a  tabulation  of  the 
average  values  of  oxygen  utilization  for  specific  changes  in  asphalt 
product  consistency. 

The  oxygen  utilization  data  Indicates  that  the  change  in  consis- 
tency, or  the  degree  of  reaction  of  the  aSDhalt,  is  a  stoichiometric 
relationship  with  the  amount  of  oxygen  that  i3  used.  The  four  residua 
that  were  used  required  different  amounts  of  oxygen  for  a  given  change 
in  asphalt  consistency.  The  South  Texas  Heavy  Asphalt  TA-1026  utilized 
the  most  oxygen  for  a  given  change  in  product  consistency  while  the  East 
Texas  Asphalt  TA-1024  required  the  least  oxygen  for  a  similar  change. 
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Figure  11.  Oxygen  Utilization  and  Product  Consistency  for  Gulf 
Coast  Asphalt  TA-1023-2 

0.12  - 


20     40     60     80     100     120     140 
Change  in  Ring  and  Ball  Softening  Point  -  °7. 

Figure  12.  Oxygen  Utilization  and  Product  Consistency  for  East 
Texas  Asphalt  TA-1024 
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Figure  13. 


Oxygen  Utilization  and   Product  Consistency  for  East 
Central  Texas  Asphalt  TA-1025 
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Figure  14.      Oxygen  Utilization  and  Product  Consistency  for  South 
Texas  Heavy  Asphalt  TA-1026 


-  66  - 
The  data  also  Indicate  that  as  the  reaction  proceeds  in  the  four  different 
residua,  less  oxygen  is  required  for  a  given  change  in  product  consistency. 


TABLE  11 

OXYGEN  UTILIZATION  FOR  PROCESSED  RESIDUA 

Asphalt 

Change 
Ball 

in  Ring  and 
Consistency* 
°F. 

Oxygen  Utilization** 
Lb.   02/Lb.   Asphalt 

TA-1023-2 

30 

80 

130 

0.03A 
0,061 
0.075 

TA-1024 

50 
100 

o.ou 

0,025 

TA-1025 

52 
102 

C.023 
0.037 

TA-1026 

27 

77 

127 

o.ou 

0.079 
0.100 

•Change  in  consistency  from  original  residuum. 
••Cumulative  oxygen  required  for  the  given  change  in  Ring  and  Ball 
consistency. 

The  reaction  products  from  the  air  blowing  process  are 
the  air  blown  asphalt  and  the  converter  gas  containing  water  vapor, 
carbon  dioxide,  oxygen,  nitrogen  and  an  oil  smoke  and  entrainment  mist, 
A  considerable  portion  of  the  water  and  essentially  all  the  smoke  and 
entrainment  products  were  separated  from  the  converter  gas  in  the  Cottrell 
electrical  precipitator.  The  water  and  oil  products  that  were  condensed 
and  precipitated  in  the  Cottrell  unit  were  called  fume  oil  products. 

When  calculating  an  oxygen  balance  for  batch  and  continuous 
runs,  an  unaccountable  disappearance  of  oxygen  occurred  for  each  run. 
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The  oxygen  balance  was  made  by  comparing  the  amount  of  oxygen  In  the  pro- 
cess feed  gas  to  that  calculated  in  the  converter  gas  as  oxygen,  carbon 
dioxide,  water  vapor,  liquid  water  and  acids.  The  equivalent  amount  of 
oxygen  as  acids  in  the  precipitator  fume  oil  products  was  small  and  these 
values  were  not  included  in  the  calculation.  The  resulting  oxygen  balance, 
therefore,  was  based  on  the  remaining  converter  gas  constituents  of  oxy- 
gen, carbon  dioxide,  water  vapor  and  liquid  water.  Nitrogen  balances  were 
calculated  for  all  the  runs  on  the  feed  and  converter  gas  streams  to  make 
certain  that  the  gas  flow  rates  or  analyses  of  the  feed  and  converter  gases 

were  not  responsible  for  the  unaccountable  oxygen  loss.  The  average  varia- 

I 
tion  for  the  cumulative  nitrogen  balances  on  the  feed  and  converter  gas 

streams  was  ±   2.9  per  cent  by  weight.  This  low  variation  for  nitrogen 

balances  Indicates  satisfactory  flow  rate  measurements  and  analyses  for 

the  feed  and  convertor  gas  streams  with  no  significant  losses. 

In  Table  12  are  listed  the  average  cumulative  unaccountable  oxy- 
gen losses  for  batch  runs  where  the  final  product  consistency  was  200  °F. 
Ring  and  Ball. 

A  comparison  of  the  data  in  Table  11  and  Table  12,  for  the  total 
oxygen  used  to  produce  a  200  °F.  Ring  and  Ball  product,  shows  that  between 
0  and  66  per  cent  of  the  oxygen  appears  as  an  unaccountable  loss.  The 
unaccountable  oxygen  could  have  been  absorbed  in  the  liquid  asphalt, 
reacted  to  form  oxygenated  compounds  in  the  fume  oil  products,  or  appeared 
as  oxygenated  compounds  in  the  converter  gas  stream.  The  previous  Inves- 
tigation by  Katz  (13)  proved  that  less  than  1  per  cent  by  weight  of  oxygen 
is  absorbed  in  liquid  asphalts  at  Ring  and  Ball  consistencies  of  200  °F. 
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or  less.  If  It  Is  assumed  that  1  per  cent  of  the  oxygen  was  absorbed 
by  the  asphalt,  0.01  lb.  02/lb.  asphalt  would  be  accounted  for.  This 
value  is  approximately  100  per  cent  of  the  average  losses  for  the  harder 
TA-102A  and  TA-1025  asphalts  and  25-36  per  cent  for  the  softer  TA-1023-2 
and  TA-1026  asphalts. 


TABLE  12 

UNACCOUNTABLE  OXYGEN  LOSSES  TO  200  °F. 
RING  AND  BALL  PRODUCT  CONSISTENCIES 


Asphalt 

Total  Oxygen  Losses 
Lb.  C^Ab.  Asphalt 

Average  Oxygen  Losees 
Lb.  O^/Lb.  Asphalt 

Minimum 

Maximum 

Average 

TA-1023-2 

0.000 

0.064 

0.052 

TA-1024 

0.000 

0.016 

0.006 

TA-1025 

O.COO 

0.019 

0.011 

TA-1026 

0.020 

0.062 

0.036 

Considering  the  low  variation  for  the  cumulative  nitrogen  balances 
on  the  process  gases,  it  is  assumed  that  the  remainder  of  the  unaccount- 
able oxygen  reacted  to  form  oxygenated  products  that  could  occur  as 
vapors  in  the  converter  gas  or  as  precipitated  fume  oil  products.  The 
appearance  of  oxygenated  compounds  in  the  fume  oil  products  seems  to  be 
a  more  feasible  explanation,  because  the  Orsat  analyzer  indicated  similar 
converter  gas  analysis  as  given  by  the  gas  analysis  unit. 

The  appearance  of  water  and  carbon  dioxide  in  the  converter  gas 
substantiate  the  dehydrogenatlon  and  deearbonization  reactions.  With 
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this  mechanism,  it  is  possible  that  the  oxygenated  materials  in  the  fume 
oil  are  organic  compounds  such  as  aldehydes,  ketones  and  ethers. 

Typical  cumulative  curves  of  the  oxygen  balance  for  batch  runs 
are  plotted  in  Figures  15  and  16.  Figure  15  shows  the  data  for  a  low 
gas  space  velocity  and  low  oxygen  concentration  run.  Almost  all  the 
available  oxygen  Is  used  for  the  reaction  with  the  result  of  very 
little  oxygen  in  the  converter  gas.  Figure  16  is  the  plotted  data  for 
a  high  space  gas  velocity  and  high  oxygen  content  run.   Only  a  small  frac- 
tion of  the  available  oxygen  is  used  for  the  reaction  and  the  curves  are 
close  to  each  other.  These  curves  may  be  used  to  determine  the  amount 
of  oxygen  used  by  the  reacting  asphalt  to  produce  a  specified  degree  of 
consistency.  The  data  for  Table  11  was  obtained  in  this  manner.  The 
remaining  batch  runs  gave  similar  plots  depending  on  the  processing 
conditions. 

The  fume  oil  products  were  collected  for  each  batch  and  continuous 
run.  At  the  end  of  a  run,  the  various  samples  taken  were  separated  into 
an  aqueous  and  an  oil  fraction.  The  volume  and  weight  of  these  samples 
were  determined  and  then  the  samples  were  titrated  for  acid  numbers. 

Table  13  shows  the  average  amount  of  fume  oil  collected  for  the 
various  asphalt  residua  used  and  processed  at  different  conditions  to  a 
final  product  consistency  of  200  °F.  Ring  and  Ball  softening  point.  The 
amount  of  fume  oil  products  that  was  collected  for  these  batch  runs  was 
independent  of  the  process  gas  oxygen  concentration  but  was  dependent 
on  the  gas  space  velocity,  reaction  temperature  and  the  type  of  asphalt 
processed.  It  may  be  noticed  that  for  all  the  residua  used,  the  percentage 
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Figure  15.  Cumulative  Oxygen  Balance  for  Low  Space  Gas  Velocity  and  Low 
Oxygen  Concentration,  Gulf  Coast  Asphalt  TA-1023-2 
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Figure  16.  Cumulative  Oxygen  Balance  for  High  Space  Gas  Velocity  and  High 
Oxygen  Concentration,  Gulf  Coast  Asphalt  TA-1023-2 
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of  the  oil  fraction  Increases  with  increasing  reaction  t emperature  and 
feed  gas  space  velocity.  The  total  amount  of  fume  oil  products  collected 
for  asphalts  processed  to  200  °F.  Ring  and  Ball  consistencies  was  not 
constant.  The  total  amount  of  fume  oil  products  per  batch  run  was 
greatest  for  the  South  Texas  Heavy  Asphalt  TA-1026  and  smallest  for  the 
East  Texas  Asphalt  TA-1024.  The  fraction  of  the  fume  oil  products  as  oil 
was  only  15  weight  per  cent  for  the  East  Texas  Asphalt  TA-1024  with  a 
maximum  of  50  weight  per  cent  for  the  East  Central  Texas  Asphalt  TA-1025. 
The  total  weight  of  fume  oil  in  TaBle  13  includes  the  weight  of  the  pre- 
cipitated oils  and  the  sum  of  the  weight  of  water  as  condensed  water  and 
water  vapor  in  the  converter  gas. 

The  penetration  values  for  the  asphalt  products  were  determined 
by  the  standard  A.  S.  T.  M.  test  D  5-25  (3)  using  a  penetrometer.  This 
penetration  data  for  asphalts  is  generally  used  in  conjunction  with  sof- 
tening point  data  to  determine  the  adaptability  of  bituminous  materials 
for  specific  uses  and  for  quality  control.  Figures  17,  18,  19  and  20 
show  the  relationship  between  Ring  and  Ball  softening  point  and  penetra- 
tion values  for  the  asphalt  residues  used  in  this  Investigation.  The 
relation  of  Ring  and  Ball  softening  point  and  penetration  is  almost 
identical  for  the  four  different  residues. 
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Properties  of  Asphalt  Products,  East  Central  Texas  TA-1025 
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TABLE  13 


FUME  OIL  REACTION  PRODUCTS  TO  200  °F. 
RING  AND  BALI.  PRODUCT  CONSISTENCIES 


Asphalt 

Temp. 

S 

Total  Wt.» 

Oil 

Water 

°F. 

CFMT 

Fume  Oil,  for 
Batch  Runs,   Gms. 

wt.  * 

Wt.   % 

TA-1023-2 

450 

25 

339 

15 

85 

450 

100 

470 

17 

83 

500 

25 

332 

16 

84 

500 

100 

457 

25 

75 

500 

200 

491 

38 

62 

550 

25 

467 

27 

73 

550 

100 

535 

36 

64 

TA-1024 

500 

25 

94 

15 

85 

500 

100 

403 

15 

85 

TA-1025 

500 

25 

2a 

50 

50 

500 

100 

472 

52 

48 

TA-1026 

500 

21 

704 

31 

69 

500 

100 



1023 

43 

57 

•Average  vaJue  for  batch  runs  Independent  of  feed  gas  oxygen  concentration. 


C.  Scale  Up 
The  preceding  analysis  and  development  of  the  rate  equation  was 
based  on  batch  run  data.  Several  continuous  runs  were  made  at  similar 
batch  run  processing  conditions,  to  compare  the  batch  or  Integral  treat- 
ment against  the  continuous  or  differential  treatment.  The  comparison 
was  made  by  determining  equivalent  residence  reaction  time  for  the  two 
types  of  operation  and  then  comparing  the  asphalt  product  consistency 
and  oxygen  utilization.  The  reaction  residence  time  used  as  the  basis 
of  comparison  was  calculated  from  the  continuous  operation  data  by 


Equation  18 
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Ma/Fa 


(18) 


This  same  value  for  reaction  time  was  used  for  the  batch  operation 
data  to  estimate  Ring  and  Ball  softening  points  and  oxygen  utilization 
data  from  plots  similar  to  Figures  5  and  15.  Table  K  indicates  the 
results  for  the  batch  and  continuous  runs  where  the  processing  conditions 
were  the  same  for  both  tyues  of  operation.  When  the  equivalent  reaction 
times  are  equal  for  the  two  types  of  operation,  the  agreement  of  the  oxy- 
gen utilization  data  is  within  15  per  cent  and  the  product  consistencies 
check  within  10  per  cent.  These  results  Indicate  that  the  same  product 
and  oxygen  consumption  may  be  expected  from  either  batch  or  continuous 
runs. 

The  practical  application  for  the  developed  rate  equation  is 
paramount  for  the  calculation  of  processing  times  and  design  capacities 
for  commercial  asphalt  blowing  equipment.  A  sample  calculation  to  demon- 
strate the  use  of  the  rate  equation  is  included  to  Illustrate  its  use- 
fulness. 

Assume  that  it  is  required  to  determine  the  processing  time  and 
production  capacity  of  an  agitated  reactor  vessel  10  feet  in  diameter 
and  17  feet  high.  The  depth  of  the  asphalt  charge  is  12  feet.  The  reactor 
is  agitated  with  a  Turbo-Mixer  agitator  of  the  type  used  In  the  pilot  plant 
experiments.  The  size  of  the  agitator  impeller  is  U   inches.  By  select- 
ing process  conditions  and  substituting  them  in  the  developed  rate  equation, 
the  processing  time,  process  gas  requirements  and  production  capacity 
can  be  calculated  for  a  product  having  a  100  °F.  softening  point  rise. 
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TABLE  14 

COMPARISON  OF  EXPERIMENTAL  BATCH  AND  CONTINUOUS  DATA 

GULF  COAST  ASPHALT  -  TA-1 023-2 

TEMPERATURE  =   500  °F. 

AGITATOR  SPEED  =  700  R.P.W. 


Continuous 
Runs 

S 
CFMT 

P 
*  02 

Residence 
Time,   Hrs. 

Product 
R,   °F. 

Oj  Used 
Lb.   02/Lb.   Asph. 

411 
412 
413 

25 
25 
25 

21 
21 
21 

3.1 
4.2 
4.65 

110 
146 
170 

0.0335 
0.0498 
0.0600 

429 
430 
431 

100 
100 
100 

21 
21 
21 

1.63 
2.48 
3.33 

97 
124 
150 

0.0317 
0.0434 
0.0500 

408 
409 
410 

200 
200 
200 

21 
21 
21 

1.28 
1.77 
2.54 

95 
131 
161 

0.0303 
0.0318 

0.0408 

Batch 
Run  a 

404 
404 
404 

25 
25 
25 

21 
21 
21 

3.1 
4.2 
4.6 

108 
137 
153 

0.037 
0.050 

0.056 

406 

406 
406 

100 
100 
100 

21 
21 
21 

1.6 
2.5 
3.3 

106 
135 
167 

0.034 
0.046 
0.060 

407 
407 
407 

200 
200 
200 

21 
21 
21 

1.3 

1.8 
2.5 

111 
133 
173 

0.039 
0.054 
0.063 
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The  residuum  to  be  used  In  this  sample  calculation  is  the  Gulf  Coast 
Asphalt  TA-1023-2. 

The  processing  conditions  are  selected  as  follows: 
Temperature  «  500  °F. 
Feed  gas  space  velocity,  S  =  28CFMT 
Feed  gas  oxygen  concentration,  P  =  21 
The  reaction  time  necessary  to  change  the  product  consistency  by  100  °F. 
Ring  and  Ball  can  be  calculated  from  the  Integrated  form  of  the  rate 
equation  (Equation  20) 

lnRx/R,,  -  ktP°-9S°-2  (20) 

For  the  Gulf  Coast  Asphalt  processed  at  500  °F.,  k  ■  0.0061  and  R_  -  70. 
The  remaining  variables  are  substituted  into  Equation  20  and  solred  for 
the  reaction  time,  t. 

R0  =  70  °F. 

R1  -  100  +  70  s  170  °F. 
k  -  0.0061 
S  -  28CFirr 
P  •  21*  02 
In (170/70)  -  0.0061 (21 )°-9(28)°-2t 
t  ■  4.9  hours 
The  value  of  t  is  the  reaction  time  necessary  to  change  the 
product  consistency  from  70  °F.  to  170  °F.  Ring  and  Bal] .  This  value 
Is  4.9  hours  for  the  process  conditions  chosen. 

The  process  gas  requirements  are  determined  from  the  feed  gas 
space  velocity  and  the  mass  of  reacting  residuum.  The  mass  of  asphalt 


78 


charge  per  batch  is 


Mass  asphalt  =  (reactor  volume)  (asphalt  density) 
-  (fl)(10)2(l2)(62.O(0.967)/U)(2000) 
=  23.4  tons  asphalt 
The  corresponding  feed  gas  flow  rate  Is 

Gas  feed  rate  ■  (mass  asphalt) (feed  gas  space  velocity) 
-  28.^(28) 
=  795  ft. 3  air/rain. 
The  calculated  feed  gas  requirement  for  the  reactor  is  795  ft. 3  air/min. 
The  dally  production  capacity  for  the  reactor  can  be  determined 
from  the  total  cycle  time  required  to  orocesa  one  batch.  The  operating 
cycle  includes;  time  necessary  to  heat  the  charge  to  the  reacting  tempera- 
ture, time  necessary  for  the  desired  reaction,  holding  time  for  analysis 
and  time  to  discharge  to  a  product  tank.  If  the  sum  of  the  time  for  all 
the  operations  except  the  reaction  time  is  assuned  to  be  6  hours,  the  total 
cycle  time  is  approximately  11  hours.  The  dally  batch  production  would 
be  2.2  batches  per  day  or  62  tons  of  Gulf  Coast  Asphalt  having  a  final 
product  consistency  of  170  °F.  Ring  and  Ball.  A  variation  of  the  processing 
conditions  would  change  the  reaction  time  but  would  not  appreciably  affect 
the  remaining  cycle  time. 

When  the  feed  gas  space  velocity  and  oxygen  concentration  is 
increased  to  100  CFMT  and  50  per  cent  respectively,  the  reaction  time 
for  the  reactor  is  reduced  to  1.7  hours.  The  total  cycle  time  is  now 
7.7  hours  and  the  dally  production  is  Increased  to  89  tons  of  170  °F. 
Ring  and  Ball  asphalt.  The  production  has  been  increased  but  at  the 
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expense  of  a  greater  feed  gas  flow  rate  and  oxygen  concentration.  An 
economic  analysis  must  be  considered  to  arrive  at  Justified  operating 
conditions. 

The  calculated  results  for  the  initial  conditions  selected  for 
the  design  problem  may  be  compared  with  actual  refinery  data  as  supplied 
by  the  Turbo-Mixer  Corporation  (14).  The  comparison  is  based  on  the  sane 
size  reactor  and  similar  operating  conditions.  The  commercial  data  for 
refinery  "A"  lists  a  reaction  time  of  5.5  hours  for  increasing  the  soften- 
ing point  of  an  asphalt  100  °F.  Ring  and  Ball.  By  assuming  that  this 
asphalt  is  similar  to  the  Gulf  Coast  Asphalt  TA-1023-2,  the  calculated 
reaction  time  of  4.9  hours  may  be  compared  with  the  5.5  hours  reaction 
time.  The  error  is  approximately  13  per  cent.  The  agreement  of  these 
results  verify  the  use  of  the  general  rate  equation  for  design  calculations 
of  commercial  asphalt  blowing  units. 


VIII.  CONCLUSIONS 

From  tne  results  of  the  asphalt  blowing  process  using  four 
different  kinds  of  residua,  the  following  conclusions  may  be  made  con- 
cerning the  Kinetics  of  the  asphalt  olowing  process  within  the  limits 
of  the  conditions  covered  by  this  Investigation: 

1.  The  general  rate  equation  for  the  reaction  rate  is 

dR/dt  ■  kP°'9S°'2R 

where 

dR/dt  »  gross  asphalt  reaction  rate  a  s  rate 
of  change  of  softening  point 

R  ■  asphalt  Ring  and  Ball  softening  point, 
°F. 

S  =  process  gas  space  velocity, 

ft.3/(min.)(ton  asphalt)  at  (70  °F., 
1  atm.) 

P  -   original  process  gas  concentration, 
volume  % 

k  ■  pseudo  reaction  velocity  constant 

t  =  process  reaction  time,  hours 

2.  The  values  of  the  pseudo  reaction  velocity  constants  are  a 
function  of  the  type  of  residua  and  the  reacting  temperatures. 
The  corresponding  values  for  the  pseudo  reaction  velocity  con- 
stants are: 


Temp. 

Pseudo  Reaction  Velocity  Constant,   k 

°F. 

TA-1023-2 

TA-1024 

TA-1025 

TA-1026 

450 
500 
550 

0.0045 

0.0061 
0.0081 

0.0090 

0.0070 

0.0056 
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3.  The  reaction  rate  controlling  step  is  a  diffusion  process 
based  on  the  low  pseudo  molal  energy  of  activation,  E,  of 
5800  calories/gm.  mole. 

U.     The  gross  asphalt  blowing  reaction  may  be  considered  a  com- 
plex dehydrogenatlon,  decarbonizatlon  and  polymerization 
reaction.  This  is  substantiated  by  the  appearance  of  water 
and  carbon  dioxide  in  the  converter  gas  and  by  the  increased 
softening  point  for  the  asphalt  products. 

5.  The  asphalt  blowing  fume  oil  reaction  products  collected  in 
the  Cottrell  precipitator  contain  a  mixture  of  unknown  oils 
and  water.  For  asphalt  residues  reacted  to  200  °F.  Ring  and 
Ball,  the  amount  of  fume  oil  products  vary  from  4-11  per  cent 
cf  the  weight  of  residue  reacted. 

6.  The  fraction  of  oil  in  the  fume  oil  products  was  a  minimum  of 
15  weight  per  cent  for  the  East  Texas  Asphalt  TA-1024  and  a 
maximum  of  50  weight  per  cent  for  the  East  Central  Texas 
Asphalt  TA-1025. 

7.  The  change  in  asphalt  consistency  is  related  to  the  amount 
of  oxygen  used  in  the  asphalt  blowing  reaction.  The  amount 
of  oxygen  used  for  a  given  change  in  product  consistency  was 
different  for  the  four  residua  used.  The  East  Texas  Asphalt 
TA-1024  used  a  minimum  amount  of  oxygen  while  the  South  Texas 
Heavy  TA-1026  used  the  maximum  amount  of  oxygen. 

8.  Of  all  the  oxygen  used  in  the  asphalt  blowing  reaction,  0-56 
per  cent  could  not  be  accounted  for  in  the  converter  gas  and 
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fume  oil  products.  It  Is  assumed  that  the  unaccountable  oxy- 
gen reacted  to  form  oxygenated  products  that  could  aopear  as 
vapors  In  the  converter  gas  or  as  liquids  in  the  fume  oil 
products. 
9.  For  the  same  residence  reaction  times,  integral  batch  opera- 
tion is  equivalent  to  differential  continuous  operation. 
10.  The  general  rate  equation  may  be  used  for  the  calculation 
and  design  of  commercial  asphalt  blowing  units. 


IX.   NOMENCLATURE 

A 

= 

Arrhenius  frequency  factor 

*r 

■ 

asphalt  charge  stock 

**Ot  *  "02 

« 

intermediate  asphalt  products 

AOx 

= 

composite  air  blown  asphalt  product  not  removed  from 
the  reacting  zone 

■ 

- 

volume  of  sodium  hydroxide  per  cc.  of  water  or  gm 
ec. 

.  of  oil, 

C 

r 

gas  concentration  on  a  wet  gas  basis,  volume  per  cent 

D 

= 

concentration  of  gaB  on  dry  gas  basis,  volume  per 

cent 

d 

= 

gas  density,  lbs ./ft. - 

E 

; 

molal  energy  of  activation 

e 

x 

base  of  natural  logarithms 

'■ 

r 

feed  rate  of  fresh  asphalt,  lbs./hr. 

f 

■ 

conversion  factor,  lbs.  oxygen/lbs.  gaa 

C 

- 

gaa  flow  rate,  ft.'/min.  e  70  °F.  and  1  atm. 

AH 

= 

asphalt  blowing  heat  of  reaction 

Xa 

- 

intercept  of  ln(dR/dt)  versus  InS  plot  at  InR  «  0 

lb 

z 

intercept  of  the  Ia  versus  InS  plot  at  InS  -   0 

hs 

z 

intercept  of  the  It  versus  InF  plot  at  In?  =  0 

k 

- 

pseudo  reaction  velocity  constant 

k' 

= 

specific  reaction  velocity  constant 

Lj,  Ljj  L^ 

= 

intermediate  condensed  reaction  products 

^ 

■ 

composite  condensed  reaction  products 

Ma 

3 

mass  of  asphalt  in  reactor,  pounds 

N 

normality  of  sodium  hydroxide 
-  83  - 
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P  =  feed  gas  oxygen  concentration,  volume  per  cent 

p  ■  exponent  for  P 
Pp.=  partial  pressure,  mm.  Hg. 

R  *  asphalt  Ring  and  Ball  softening  point,  °F. 

R0  =  Ring  and  Ball  softening  point  for  charge  stock,  °F. 

Rj  =  Ring  and  Ball  softening  point  at  any  reaction 
time,  °F. 

r  -  exponent  for  R 

S  :  feed  gas  space  velocity,  Tl.^/min.  -   ton  asphalt  at 
70  °F.  and  1  ate. 

s  =  exponent  for  S 

T  =  absolute  temperature,  °K 

t  =  batch  process  reaction  time,  hours 
At  =  time  interval,  hours 
te  ■  continuous  process  residence  time,  hours 

V  =  volume  of  water  or  weight  of  oil,  cc.  or  gms. 

v  =  volume  of  water,  cc. 
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Air 

Oxygen 

Analys 
— ~ n ^~^ 

is  Gas 

nve.    Fart, 
for  AT- 

Pressure 

mm  He 

' 

eed  Gas 

<*   r\ 

Time 

4  T 

A  P     Temp . 

\: 

Al 

Temp. 

Or, 

CFM 
70   °F 

1  t::::    . 

Tot-a 

Feed 

CF1' 

02   % 

&  ( 

in . 

Temp. 

°F 

CFM 
70   °F 

Total 
Conv. 

co2 

Dew 
Ft. 

CFM 
70   °F 

H?0 

u2 

co2 

"2 

Oo 

Air 

o2 

C'T 

2.  o2 
Feed 

Oo 

(02) 

Reading 

Hours 

in.        °F 

*roO 

70    CF 
A  tin  s . 

in. 

H20 

UF 

H20 

Atms. 

Gas 

oc 

Atms. 

Lbs. 

Lbs. 

Lbs. 

Lbs. 

Run  H-415 

■■?y 

8:25 
8:55 

Zero 
0.50 

19.1      o 

0.625 

20.1 

80 
80 
80 
80 
80 
80 

0.372 

0.997 
0.997 
0.997 

50.0 
50.0 
50.0 
50.0 
50.0 
50.0 

c-7 

78 
78 
78 
78 
78 
78 

0.35 
0.38 

0.884 
C.°14 

37.1 
40.2 

1.9 

2.1 

24.5 

0.34 
0.34 

23 
23 

273 

285 

14 
15 

450 
437 

0.351 
0.351 

0.995 
0.995 

1.346 
1.346 

0.4  50 
0.913 

9:25 

9:55 

0.50 
0.50 

19.0  80 

19.1  80 

0.625 

20.0 
20.2 

0.372 

0.372 

0.92 

O.054 

43.0 

2.0 

24.5 

0.34 
0.34 

23 
23 

306 

15 

416 

0.351 

0.°95 

1.3*6 

1.027 

10:15 
10:35 
10:  55 

0.33 
0.33 
0.33 

80 
18.8     80 
IP. 5     80 

0.615 
0.610 

19.8 
19.5 

0.364 
0.364 

0.979 
O.074 

5.7 
c.7 

0.Q4 
0.94 

0.974 
0.974 

45.2 

46.8 

1.4 
1.2 

0.34 
0.34 

23 

23 

325 
339 

13 
10 

399 
388 

0.461 
0.228 

1.300 
c.650 

1.761 

0.C|73 

1.437 
0.777 

Run  H-416 

7:45 
8:25 

Zero 

22.0      34 

0.166 

23.0 

84 
84 
84 
84 

84 

0.10 

0.26 

0.229 

C.  '30 
0.230 

50.0 
50.0 
50.0 
50.0 
50.0 

5.1 

4.5 

5.1 
5.2 

81 
81 

0.16 

T'.  16 

-.16 
0.16 

7.5 
9.5 

4.0 
5.1 

0 
0 

20 
20 

56 
63 

30 
34 

654 
643 

0.1242 
0.1242 

0.357 
0.357 

C  .4312 
0.4812 

0.0421 
0.04/4 

9:05 

r,:4j 

10:25 
11:05 

0.67 
0.67 
0.67 

84 
19.6     84 
19.4     84 
10.2      P4 

0.166 

.14 
0.146 

0.146 

22.8 

20.  5 
20.2 
19.9 

0.10 

0.089 
C.090 
0.090 

81 
81 

81 

0.148 
0.170 
0.176 

0.143 
0.170 
0.176 

11.0 
18.0 
32.7 

6.4 

22.0 
23.0 

0 
0 
0 

20 
20 
20 

76 
107 
188 

43 
37 
23 

621 
596 
529 

0.105 

0.1093 

0.1093 

0.317 
0.321 
0.321 

0.4220 
O.4303 
0.4303 

0.0529 
0.01503 

Run  H-417 

11:00 
12:00 
1:00 
2:00 
3:00 
4:00 
5:00 

Zero 

1.0 
1.0 
1.0 

' 

1.0 

* 

85 
85 
85 

1.04 

1.03 
(  .  '9 
0.96 
0.97 

1.04 

1.04 
1.03 

C  .09 
O.06 
0.97 

21.0 
21.0 
21.0 
21.0 
21.0 
21.0 

5.6 
6.6 
5.6 
5.6 
5.5 
5.5 

83 
83 
83 
83 
83 
83 
83 

1.0 

1.01 

1.01 

0.98 

0.94 

0.96 

1.036 
1.050 
1.044 

1.014 
0.974 
0 .  994 

16.1 
16.9 
17.1 
17.6 
18.4 
10.0 

1.2 
1.2 
1.2 
1.2 
1.1 
1.1 

26.0 
26.5 

0.036 

C  .  040 
0.034 
0.034 
0.034 
0.034 

25 
•25 
25 
25 
25 
25 

115 

121 

125 
128 
132 
137 

Q 

9 
9 
9 
3 
8 

611 
605 
601 
598 
595 
590 

1.170 
1.170 
1.158 
1.112 

1.079 
1.090 

1.170 
1.170 
1.153 
1.112 
1.079 
1.090 

0.837 
0.895 
0.921 
0.915 
0.905 
0.959 

Run  H-41P 

7:50 

9:20 

10:05 
10:50 
11:20 

0.75 

0.75 

c.75 

0.50 
19 

•;    79 
24.5     79 
21.2     79 
19.7     79 
1Q.2     79 
l.l     79 

0.171 

0.171 

c.150 
C.150 
0.138 
0.130 

!5.3 
25.3 
22.2 
20.7 
20.1 
20.1 

79 
79 
79 
79 
79 
79 

0.104 
0.104 

0.093 

0.092 
0.088 
0.086 

0.275 
0.275 

0.242 
0.226 

0.21-' 

50.0 

- 
50.0 
50.0 

4.8 
4.3 

5.5 

5.5 

5.2 

80 
80 
80 
80 
80 
80 

0.184 
0.184 
C.I76 
0.184 
0.191 
0.198 

0.134 
0.184 

r  .176 
0.184 

C.191 

0  . 1  "'8 

23.O 

24.0 
26.6 
30.0 
36.0 

40. 7 

1.3 
3.2 

3  ,2 
3.1 
-.1 

''.4 

23.0 
23.5 

0 
0 
0 
0 
0 
0 

21 
21 
21 
21 

21 
21 

161 
174 
187 
209 
244 
263 

13 
18 
24 
23 
23 
20 

565 
547 
528 
507 
472 
436 

0.1442 
0.1442 
0.1265 
0.1265 
0.1163 
0.0730 

0.4170 
0.4170 
0.373 
0.369 

0.353 
0.230 

0.5612 
C.5612 
C.4955 
0.4693 
0.3030 

0.1564 

0.1691 

0.1738 

0.^030 

0.246 

■  .  i  "'71 

Kun  H-4 

2:50 
3:20 
3:50 
4:20 
4:50 
5:20 

Zero 
0.^0 
O.'O 
C.50 
0.50 

0.50 

18.8     80 
80 
18.5    80 
IP. 3     80 
18.3     80 

. 
C.632 
0.633 
0.607 
0.607 

20.0 

19.8 
19.5 
19.5 

80 
80 
80 
80 
80 

0.376 
C.389 
0.389 
0.374 
0.374 

1.004 
1.021 
1.027 
0.981 

50.0 
50.0 

50.0 
50.0 
50.0 

5.6 

5.6 
5.5 
5.5 

80 
80 
80 
80 
80 

0.868 

0 .878 

0.922 
0.887 
0.887 

0.O02 
0.012 

c  .056 

C.921 
0.921 

41.7 
42.6 
43.5 
44.9 
45.0 

1.2 
1.2 
1.2 
1.2 
0.8 

25.0 
24.0 

0.034 
0.034 
0.034 
0.036 
0.034 

23 
23 
23 
23 
23 

301 
311 
317 
325 
331 

9 
9 
9 

9 
7 

4^7 

417 
411 
403 

399 

o.353 

0.355 
0.359 
0.341 
0.341 

1.005 
1.040 
1.040 
1.001 
1.001 

1.358 
1.395 
1.399 
1.342 
1.342 

0.955 
0.999 
1.066 
1.052 
1.073 

Run  H-420 

8:05 
8:35 
9:05 
9:35 

10:05 

Zero 
0.50 
C.50 
c.50 

0.50 

20.5    75 

20.2     75 

i     75 

11  .4     75 

0.99 

0.05 
0.05 

r.09 
0.95 

21.0 
21.0 
21.0 
21.0 
21.0 

5.7 

5.9 

-     5.7 

5.7 

78 
78 
78 
78 

0.90 
O.03 
0.37 
0.845 

0.934 

C.964 
0.904 

1 

12.2 
12.6 
13.0 
13.8 

1.0 
1.0 
1.0 
1.2 

22.5 
21.5 

0.034 
C.034 
0.034 
0.034 

20 
20 
20 
20 

90 
92 

95 
99 

7 
7 
7 
8 

643 

641 

638 
633 

0.557 
0.545 
c.533 
0.533 

0.557 
0.545 
0.533 
0.533 

0.2950 
0.311 
0.301 
0.306 

10:35 

0.r0 

i    .       75 

o.°3 

0.93 

21.0 

6.3 

78 

0.:'4  5 

0.879 

14.8 

1.2 

0.034 

20 

106 

9 

625 

0 .  522 

0. 522 

0.327 

11:05 

c.50 

18.9     75 

0.93 

21.0 

6.4 

78 

0.93 

0.964 

16.1 

1.1 

0.034 

20 

114 

9 

617 

0.522 

0.522 

0.336 

Run  H-< 

t21 

2:40 
1:10 

Zero 
0.50 

10." 

20.4 

73 

.188 

1.023 
1.034 

3c.o 

. 

77 

.      5 

.919 

24.9 

1.3 

r.034 

21 

184 

10 

545 

0.469 

0.502 

0.971 

0.594 

3:40 

0.50 

76 

0.    -»b 

1Q .  3 

78 

0.188 

3r.O 

77 

.      0 

C.944 

26.0 

1.3 

23.5 

21 

188 

10 

541 

0.475 

0.502 

0.977 

0.625 

4:10 

0.50 

l    .       78 

.    15 

19.3 

78 

0.188 

. 

5.6 

77 

0.890 

.         4 

27.4 

1.5 

.          4 

21 

198 

10 

531 

0.458 

0.502 

0.960 

1  .  .43 

4:40 

0.50 

7     78 

.      0 

78 

.183 

1.003 
.  1 

3!  .0 

5.6 

77 

0.910 

0.944 

23.3 

1.5 

21 

206 

11 

522 

0.461 

0.488 

0.949 

0 .       4 

5:10 

0.50 

\     78 

19.1 

78 

. 

35.0 

. 

77 

0 .  920 

0.954 

30.0 

1.3 

23.0 

0.034 

21 

216 

10 

513 

0.452 

0.473 

0.925 

0.725 

5:40 

0.50 

1   .1     78 

0.  '05 

I8.7 

78 

0.177 

35.0 

. 

77 

0.925 

0.959 

31.5 

1.5 

r.034 

21 

228 

10 

501 

0.452 

0.473 

0.Q25 

e.-^o 

Run  H- 

422 

7:10 

Zero 

7:30 

0.33 

20.2     79 

0.6J0 

21.3 

79 

0.390 

1.040 

50.0 

6.3 

80 

.       ; 

. 

35.3 

1.1 

C.034 

24 

260 

8 

468 

0.243 

.695 

0.933 

0.526 

7:55 

0.42 

19.7     79 

C.645 

20.9 

79 

C.390 

1.035 
1.035 

50.0 

6.3 

80 

.     I 

.   72 

36.5 

1.3 

25.0 

0.034 

24 

264 

9 

463 

0.302 

0.870 

1.172 

0.675 

8:20 

0.42 

lo."     7 

0.645 

. 

79 

0.390 

5C0 

. 

80 

. 

. 

40.0 

1.5 

.     |4 

24 

281 

10 

445 

0.302 

0.    70 

1.172 

0.737 

8:40 

0.33 

19.7     79 

20. 9 

79 

50.0 

6.3 

80 

c.034 

24 

9:00 

■ 

19.7     79 

C.615 

20.9 

79 

0.370 

• 

5C0 

■  3 

80 

• 

0.917 

46.3 

1.5 

0.034 

24 

317 

11 

418 

0.461 

1.417 

1.     '8 

1.365 

Run  H- 

423 

6:50 

Zero 

Z:35 

. 

16.8     74 

17.9 

74 

0.048 

3r.o 

. 

75 

0.184 

0  .  184 

6.1 

1.7 

0 

18 

45 

13 

684 

0.1853 

0.1925 

0.3776 

0.0437 

8:20 

. 

5     74 

1°.5 

74 

.    46 

. 

35. c 

75 

C.191 

0.191 

6.4 

2.3 

20.5 

0 

18 

46 

15 

681 

0.1853 

0.1845 

C.3696 

0.0464 

9:05 

. 

16.5     74 

74 

C  .  H£ 

. 

35.C 

.4 

75 

0.191 

0.191 

9.0 

2.2 

0 

18 

57 

17 

668 

0.1853 

C.1925 

0.3778 

0.0575 

9:50 

. 

lc.O      74 

16.9 

74 

.    -•- 

. 

35. c 

-  .4 

75 

0.211 

.  11 

12.4 

2.3 

20.5 

0 

18 

79 

17 

646 

0.1737 

0.1724 

0.3461 

COJ  79 

10:35 

. 

7     74 

.     ' 

1:    .8 

74 

O.043 

. 

35. c 

75 

.  .   U 

17.0 

2.3 

0 

18 

109 

17 
16 

616 

0.1737 

0.1724 

0.3461 

C.1100 

11:20 

15.7     74 

C.206 

74 

0.04] 

35.0 

r.4 

75 

0.204 

.      4 

23.5 

.1 

0 

18 

150 

576 

0.1737 

0.1724 

0.    461 

0 . 1616 

Run  H-424 

11:57 

12:00 

1:20 

2:40 

4:00 

5:20 

6:40 

8:00 

Run  H-425 

7:15 

7:55 

6.35 

9:30 
10:30 
11:30 
12«15 
12:35 

Run  H-426 
?:30 
3:00 
3:30 
3:50 
4:10 
4:30 
4:50 


Zero 


13 
S3 
13 
$3 
i3 
33 


Zero 

C.92 
1.00 
1.00 
0.75 
0.33 


Zero 
0.33 


16, 


V   .0 

15.5 


16.9 

li  .9 

16.5 
16.3 
15.8 
15.5 


1  .5 
16.5 
16.9 


80 
80 
80 
80 
80 


77 
77 
77 
77 
77 
77 
77 


a 

82 
82 
82 
82 
32 


0.  "5 

r."5 

•   !3 

.     : 

C.253 

0.253 

0.258 

0.258 

0.246 

0.246 

0.240 

. 

C.166 

17.5 

r  .166 

17.5 

r.160 

17.^ 

0.160 

17.5 

0.160 

17.9 

82 
82 
82 
82 
82 
82 


C.102 
C.108 
0.106 
0.101 
0.101 
0.102 


- 

. 

•  3 
0.23 
0.23 


0.258 
0.258 

0.258 

0.246 
0.246 

0.240 


C.268 
0.274 

0.261 
0.261 
0.262 


21.0 

I.  ) 

: .  ! 
21.0 
21.0 


. 
21.0 

21.0 
21.0 
21.0 

21.0 


50.0 

5o.o 
50.0 
5o.o 
5o.o 
5co 


c.4 
r.4 
'  .4 
5.4 

5.4 


.4 
'■  .4 

.5 

c.5 
5.5 


5.4 

5.4 

r  .4 
r.4 

r.4 

6.5 


80 
80 
80 
80 
80 
80 


77 
77 
77 
77 
77 
77 
77 


83 
83 
83 
83 
83 
83 


0.20 
0.21 
0.21 
0.21 
0.21 
C.22 


C  .211 

r.2ii 

0.211 

C.211 

C.198 

0.206 

.198 


0.140 
0.140 
0.145 
0.145 
0.145 
O.150 


r  .20 
0.21 
0.21 

C.  '1 
0.21 
0.22 


0.211 
0.211 

0.211 
0.211 
0.198 
0.206 
0.198 


0.140 
0.140 

r  .145 
0.145 
0.145 
r.150 


•  .2 

7.2 

. 

. 

11.9 

14.0 


1.0 

1.3 

1.1 

1.5 

2.1 

3.0 

4.1 


4.0 
6.0 
6.1 

7.3 
8.9 

1"  ." 


1.2 
1.2 
1.3 


1.5 


0.6 
2.1 
2.8 
4.0 
5.0 
2.6 


21.5 


20.5 


21.0 


21.5 


21.5 


0 

19 

41 

13 

687 

0.375 

^•375 

0 

0 

19 

50 

13 

673 

-   75 

C.375 

0 

0 

19 

57 

14 

670 

'  •    75 

C.375 

0 

19 

65 

13 

663 

•   45 

0.345 

0 

0 

19 

79 

12 

■^b 

0.  v45 

0.345 

0 

0 

19 

96 

13 

632 

0.345 

C.345 

0 

0 

18 

7 

9 

726 

c . 1932 

C.1932 

0 

0 

18 

9 

9 

724 

0.1932 

0.1932 

0 

0 

18 

9 

9 

724 

0.266 

C.266 

0 

0 

18 

10 

10 

722 

."!90 

(  .290 

0 

0 

18 

13 

11 

718 

0.276 

C  .  '76 

c. 

0 

18 

19 

11 

712 

0.207 

0.207 

0 

0 

18 

26 

11 

705 

c .  090 

0.090 

0 

0 

19 

30 

4 

707 

0.0933 

0 

.2730 

0.3663 

0. 

0 

19 

37 

10 

694 

0.0933 

0 

.  2890 

0.3823 

0. 

0 

19 

45 

18 

678 

C;0622 

c, 

.1890 

0.2512 

0. 

0 

19 

50 

25 

666 

C.0599 

0, 

.1802 

C  .     401 

0. 

0 

19 

60 

33 

648 

C.0599 

0, 

.1802 

C.  2401 

0. 

0 

19 

81 

632 

0.0599 

0, 

,1820 

0.^419 

0. 

closed  iurlne  run. 


-  CONTINUED 


1  AT 

NITROGEN 
BALANCE 

POUND  OF  OXYGEN 
PER   POUND   OF    ISPHALT 

REACTOR   ASPHALT 

RESIDENCE   TIME 

SAMPLES 

Converter  G'js 

Feed 

Converter  Gas 

!.' umbers 

Analysis 

0?              n?                Op             i 
(H9O1) 
lb?.             Lbs.             Out 

N3             1 
In            0ll1 

Lbs.        Lbs. 

Ot 

In 

1°2 
Gas               Ace. 

'                Out 

React.      Feed      Prod. 
iVt .           Lbs  .      Lbs  . 
Lbs. 

Asph.      Feed 
Hrs.        Gas 
CFMT 

Feed           1  pt.        Prod . 

Ppt.     Ppt.      Asph.      '  --  h.     H  .0       Oil 
HpO        Oil        fen.        R  &  B      Acid      Acid 
co,        gm.                         °F         No.        No. 

0.0289 

0.0291 

0.0306 

0.C294 
0.0229 


. 


0.01273 
c  01527 
c.  01730 
r. 01910 
r.01730 
0.01736 


0.0358 

0.1390 

1.0602 

1.154 

1.223 

0.0672 

0.    425 

0.053O 

^    .0 
.0 

0.0370 

0.1780 

1.1820 

1.154 

]  .    30 

677 

.  3461 

0.059'+ 

19.9 

0.0366 

0.1878 

0.1678 

1.301+0 

1.154 

. 

.    690 

0.0527 

0.0668 

19.5 

19.2 

0.0526 

0.21+66 

1.81+60 

1.515 

1.592 

0.0937 

0.07Q0 

0.0983 

. 

C.0262 

0.0^70 

0.8733 

. 

1.548 

477 

0.0422 

0.01+7'+ 

1  .4 

0.0071+ 

0.0626 

0.1369 

0.410 

C.430 

0.0242 

0.00211 

0.00688 

20.0 

0.007!+ 

0.1076 

0.1882 

0.410 

0.422 

0.0269 

0.00265 

0.01052 

17.9 

0.0070 

0.11+86 

0.2387' 

0.246 

0.377 

C.C239 

0.CO299 

0.01350 
C.0lt+90 

17.7 

0.0080 

0.1388 

. 

.            L 

C.416 

C.0245 

0.00486 

17.6 

C.OO8O 

0.0900 

0.2668 

0.361 

c .  269 

0.C247 

0.00863 

0.0151+5 

17.4 

0.092 

0.0568 

1.0518 

1.890 

0.0585 

C.0418 

0.0526 

20.0 

C.092 

0.061+6 

1.1186 

.    40 

3.910 

O.C591 

0.0452 

C.0561+ 

19.8 

0.092 

0.051+8 
O.OlflO 

I.13I+8 

3.870 

O.C593 

0.C472 

0.0582 

19.5 

0.090 

1.1110 

.      1 

2.740 

0.0577 

C.0474 

0.0576 

19.3 

0.086 

0.0312 

1.0773 

1.1206 

3.545 

■ 

.    T68 

0.0476 

0.0567 

19.0 

0."088 

0.0178 

3-580 

3.610 

C    579 

0.0510 

0.0597 

"    .8 

0.0102 

0.0978 

0.2772 

0.474 

0.0281 

0.00782 

0.01385 

20. 0 

0.0102 

0.1016 

0.2986 

C.474 

c.465 

0.C310 

■    0935 

0.01652 

11  .1 

0.0098 

C.0782 

0.261+3 

C .  -.i+l1* 

0.416 

0.428 

0.0281 

0.00976 

0.01598 

1    .' 

0.0102 

0.1056 

0.416 

0.430 

0.0285 

0.01160 

C. 01950 

1     . 

0.0106 

0.0681+ 

0.31+8't 

0.383 

0.416 

0.0278 

0.C1456 

0.02060 

16.9 

0.0071+ 

.  -'252 
C.  08>+2 

0.2537 

l.lCr7 

0.240 
1.162 

0. 01827 

.     J 

0.01530 

:     . 

0.0363 

1.185 

0.0668 

0.0477 

0.0552 

20.0 
20.0 

0.0370 

C.1702 

1.2353 

1.170 

1.172 

0.C712 

0.0510 

0.0630 

19.6 

0.0368 

0.0701+ 

1.2058 

1.182 

1.210 

0.0728 

■  3555 

0.0628 

19.2 

0.037"+ 

.    958 

1.21U6 

1.123 

1.142 

0.C714 

co  560 

0.061+6 

1.  .8 

0.037^ 

0.0 

1.1997 

1.123 

1.132 

0.0730 

c.0583 

0.0652 

18.4 

0.0328 

0.0762 

0.1+272 

1.831 

1.850 

0.0279 

0.01475 

C.0211+0 

20.0 

0.03 1+0 

C.0998 

0.1+668 

1.794 

1 .  ''00 

1  . "277 

0.01579 

0.0238 

19.7 

0.0318 

0.0822 

C+375 
c. i+695 

1.758 

1.775 

0.C277 

0.01560 

0.0227 

19.3 

0.0310 

0.1076 

1.758 

1.718 

0.0281 

0.CI610 

0.021+7 

19.0 

0.0-10 

C.071+l+ 

0.1+605 

1.720 

I.692 

C.0281 

0.01760 

0.021+7 

18.6 

0.031+0 

COVlO 

OA918 

1.720 

I.834 

0.0285 

0.02110 

0.0269 

1    .2 

0.031+0 

0.0661+ 

0.7265 

1.542 

1.542 

c.0485 

0.0297 

O.O363 

20.0 
20.0 

0.031+8 

0.1130 

C.6263 

. 

0.0496 

0.0317 

0. 01+19 

19.7 

0.031+2 

0.11+26 

C.S526 

1.507 

3.510 

.  -195 

.0331 

0.01+1+0 

19.4 

0.031+8 

C.0802 

0.8359 

1.  >18 

.    ! 

.     4"7 

0.0358 

0.01+38 
0.01+69 

19.1 

0.0352 

0.081+0 

0.8781 

1.488 

. 

0.04Q5 

0.0387 

0.0351+ 

0.0626 

C.9021 

1.488 

1.478 

0.0498 

0.0414 

0.01+85 

1   .6 

0.02^ 

0.1702 

0.7379 

. 

0.0460 

C.C258 

0.0361 

20. 5 

2<:.  4 

0.0308 

0.1991+ 

0.9287 

0.993 

1.033 

0.0580 

0.C334 

0. 01+60 

2C.2 

. 

0.1956 

0.990!+ 

. 

0.0' 

.    371 

0.01+98 

1     .9 

0.0516 

C.1820 

1.61+11+ 

1.515 

1.573 

•    983 

0.0715 

'0.O860 

19.5 

19.1 

0.0088 
0.0090 
0.0090 
0.0100 

0.1252 

0.1330 
0.1111+ 

978 
0.0782 

0.0652 
0.1959 
C.2168 
O.228I+ 
0.23"+l 
0.2668 

.    - 
.      1 

0.571 

■ 

0.601 

C.590 
0.628 
0.544 
0.542 

0.0189 

.    I876 
.    1958 
.   1821 

.   1     1 

.    0219 
O.CO236 
0.00. 
0.00462 

.     588 
O.CO 

0.00326 
0.00991+ 
0 .  Oil  2h 
0.01202 
0.01251 
0.01»+52 

20.0 

20 . 0 
19.7 

19.3 

ICO 

]     .7 

1    .-J 

i  -ro 

0.50 

1.0 

1.50 

1.83 

2.17 

.  50 


zero 
0.  7 
1.33 
2.C 

2.67 

3.33 


H41  5- A 


9°. 8 

100.3 
102.3 

104.1 
105.9 


26.1 

25.9 
26.1 
26.4 


P4]5-3  H415-B 

P415-C  II415-C 

P415-D  II415-D 

P415-C.  K4I5-E 

P415-F  H415-F 

P415-G  H415-G 


1.0 

104.0 

2.C 

105.0 

CO 

106.0 

4.0 

103.0 

5.0 

101.0 

6.0 

103.0 

Zero 

0.75 

27.5 

1.50 

30.4 

2.25 

27-3 

3.0 

27.7 

3.75 

26.8 

4.25 

.1 

Zero 

C.50 

100.0 

1.0 

104.0 

1.50 

107.  c 

2.C 

104.0 

2.50 

107.0 

Zero 

0.50 

99.0 

1.00 

98.5 

1.50 

98.5 

2.00 

100.0 

2.50 

100.0 

3.00 

101.5 

Zero 

0.50 

102.0 

l.C 

105.0 

1.50 

103.0 

2.C 

105. c 

2.50 

105.0 

3.0 

106.0 

Zero 

0.33 

102.0 

0.75 

102. C 

1.17 

104.  C 

1.50 

I.83 

103. C 

0 

0.75 

26.8 

1.50 

27.0 

2.25 

27.8 

3.0 

26.2 

3.75 

26.6 

4.50 

27.1 

H416-A 


H416-; 


H420-A 


H422- 


F416-B 

Zero 

P416-L 

P416-E 

P416-F 


P417-B 
P417-C 

P41CD 

P4i7-b; 

P417-F 
P417-G 


P418-B 

Zero 

P418-D 

P418-E 

P418-F 

P418-G 


P419-B 
P419-C 
P41  -D 
P419-E 
P419-F 


P420-B 
P420-C 
P420-D 
P420-E 
P420-F 
P420-G 


P421-B 
P421-C 
P421-D 
P421-E 
P421-F 
P421-G 


P422-B 
P422-C 
P422-D 
P422-K 
P422-F 


Zerc 

P423-0 

P423-D 

P423-E 

P4      -F 

P423-G 


H41t-B 
H416-C 
K416-D 
H416-E 
H416-F 


H417-B 

H417-C 
H417-D 
H417-E 
H417-F 
H417-G 


H418-B 
H416-C 
H418-D 
H418-E 
H41S-F 
H418-G 


H419-B 
H419-C 
H41r-D 
H419-E 
H41C-F 


H420-B 
H420-C 
H420-D 
H42C-E 
H420-F 
H420-G 


H421-B 
H421-C 
H421-D 
H421-E 
H421-F 
H421-G 


H422-B 
H422-C 
H422-D 
H422-E 
H422-F 


H423-B 
H423-C 
11423-D 
H423-E 
H423-F 
H423-G 


71 
91 
96 
105 
21 
24 


33 
55 
76 
71 
68 


29 
33 
28 
21 
16 
9 


50 
52 
40 
54 
35 
18 


43 
87 
36 
49 
34 


39 

42 

55 
38 

21 


34 
68 
73 
41 
43 
32 


87 
102 
100 

57 

36 


64 
68 
57 
50 

40 


25 
25 
24 

17 

16 
15 


47 
38 
29 
37 
32 


0 
12 
20 
17 
16 
12 


5 
1 

14 

8 

21 


2 
19 

9 
18 
16 


32 
50 
45 

41 
40 
27 


32 
31 
24 
21 
23 


45 
54 

53 
39 
32 


23 
25 
20 


Soft 

112 

42 

31 
24 
20 


Soft 
145 

51 

26 
19 


Soft 

Soft 

120 

61 

41 

32 


Soft 

206 

76 

40 

25 
24 


Soft 
Soft 
105 

53 
39 


Soft 
Soft 

134 
5c, 

3? 
26 


Soft 
213 

73 

41 
30 
23 


Soft 

92 
34 

22 

19 


Soft 

Soft 

109 

50 

2° 

21 


88.5 
117.5 

156.0 
1O0.0 

214.0 
240.0 


84.5 
110.5 

1-19.5 

214.0 
265. C 


81. 
114, 

137, 
16:-', 
190, 


11.3 

co 

20.4 

18.7 
20.1 


21.7 

17.6 
18.2 

18.0 


83.0 
103.0 
131.0 
174.5 
228.0 
26'- .0 


83.0 

98.0 

120.0 

152.  C 

184.0 


80.5 
93.5 

111.5 

137.0 
170.5 
206.0 


83.5 
100.0 
129.5 
160.0 

194.  c 

222.  C 


90.5 
123.5 
177.0 
226.0 

247.0 


79 

Q4 
147 

189 
231 


0.0178 
0.0166 
0.0186 

0.0188 
0.0196 


0.0090 
C.0090 

.  1  :- 

0.0100 
0.004-2 


0.0046 

o.ooUfc 

0.0032 

0.0034 


0.0486 
0.1036 
0.0936 
0.0920 
0.0862 
0.0724 


0.0»t50 
O.Ob26 
C.1190 
0.1. 30 
0.1310 
0.0998 
0.0392 


C.O626 

0.1544 
0.1036 
0.0880 
0.0996 
C.0958 


0.1780 

0.2468- 

0.2527 

0.2648 

0.2847 

0.  a74 


0.0699 

0.1561 

C.1774 
0.1426 
0.0607 


0840 
,1823 

,1283 
,1168 
,1147 
,1376 


. 
1.232 

1.135 

1.135 


O.636 

0. 374 

0.682 


1.129 
1.170 
1.155 

1.142 
1.121 
1.142 


.1  27 

C.038 

. 
0.286 


0.307  0.305 
0.307  0.299 
.204  0. 202 
0.1070  r.198 
0.1970  0.193 
0.1970  0.194 


..1867 
-  1895 

c. 01923 

.  1787 
0.01825 

0.01875 


O.UU363 
0 . 00498 
0.00576 
0.00663 
0.00824 
0.01079 


0.00062 

0.000343 

C. 00977 

0.000449 

0.01364 

0.000628 

0.01511 

C. 000774 

0.01452 

0.000955 

c .01107 

0.001107 

488 

0.000656 

O.OI83 

-  00739 

C. 01940 

0.000928 

c. 01294 

0.000790 

1258 

0.0O0P92 

0.01. 

0.001092 

0.01302 

0.001532 

0.00865 
0.01247 
0.01297 
0.01374 
0.01509 
0.01723 


0.00348 
0.00452 
0.00602 
0.00940 
0.00933 
0.00762 
O.OO330 


0.00420 
0.00925 
0.00662 
0.00611 
0.00717 
0.00739 


20, 

2L, 

1     , 
1  ', 

1     . 

1-   . 


1    .4 


20. 1 

. 

1'  .5 

. 
i   . 

1     .7 

1     .4 


20.0 
20.0 

19.4 

1     .  1 
. 


1 .  ii 

d*.  - 

2r-3 

4.0 

2r.6 

.23 

23.6 

6.67 

24.4 

6.0 

25.0 

2-ero 

1  .  ■  7 

24.9 

1.33 

25.3 

2.25 

25.7 

3.25 

26.1 

4.25 

2^.2 

5.C 

25.7 

5.33 

25. c 

;to 

. 

26.^ 

1.0 

27.8 

1.3:- 

28.0 

1.67 

27.3 

2.C 

?.33 

.1 

H426-A 


P424-C 
P4~4-D 
P424-E 
P4  24-F 
P424-G 


P42r-B 
P425-C 
F425-D 
P425-E 
P425-F 
P425-Q 
P425-H 


I 

P426-C 

P426-D 

P426-E 

P426-K 


H424-C 
H424-D 
H424-E 
H424-F 
H424-G 


H425-B 
H425-C 
H425-D 
H425-E 

H425-F 
I 


H426-B 
H426-C 

H42(  -F 

H426-G 


55 
48 
47 
44 
37 


23 

II 
70 
68 
51 
20 


32 
79 
53 
45 
51 
49 


6 

13 

14 

7 

14 


0 
47 
22 

35 
27 
26 
11 


14 
32 
19 
23 
21 
24 


Soft 
124 

61 

39 

28 


04.0 

114.0 
137.0 

16.  .5 
197.0 


1 


Soft 
Soft 
Soft 
103 

44 

28 

23 


Soft 
Soft 
144 

72 

42 

30 


77.5 
83.0 
9.-.  5 
117.0 
149.5 
1P9.0 
207.0 


30.0 

91. ; 

109.0 

. 

155.5 

194.0 


17.2 

11.3 

7.7 

. 

. 

6.9 
6.9 


TABLE      XVI 


GAS 

Air 

Ory 

Time             A  T 

A  I 
in. 

°F 

70   °F 
Urns. 

A  1         Temp . 
In.          °F 
F2O 

CFM 

70   °F 

,■  tmr  . 

Feed 
CFK 

27 

7:30 

Zero 

8:00 

13.0 

76 

0.605 

8:30 

(  .50 

12.7 

76 

9:00 

r.50 

12.5 

76 

0.580 

9:30 

0.50 

12.1 

76 

0.580 

10:00 

(  .  5" 

12.0 

76 

.      0 

Run  H-A 

28 

Zero 

■ 
21.6 

.    '! 

4:50 

0.33 

89 

5:00 

.17 

21.5 

89 

1.00 

0.17 

21.5 

89 

. 

:    '0 

0.17 

21.3 

89 

1.00 

5:30 

0.17 

89 

1.00 

5:40 

0.17 

. 

' 

1.00 

Run  H-429 

1:15 

2:55 

Zero 

20.3 

0.33 

2C.4 

87 

0.995 

3:30 

. 

. 

. 

3:45 

20.5 

87 

0.995 

4:00 

0.25 

20.4 

0.995 

4:15 

0.25 

20.4 

7 

- 

Hun  r-430 

4:15 

J-05 

Zero 

20.1 

5:15 

0.17 

20.3 

".995 

5:30 

20.4 

87 

1.00 

5:45 

0.25 

20.0 

87 

l.CO 

6:00 

0.25 

20.3 

87 

1.00 

. 

20  .2 

87 

1.00 

.431 

6:15 

■■'■ 

20.1 

£5 

1.00 

7:05 

0.17 

20.1 

85 

1.00 

7:20 

.  ' 

20.3 

85 

1.00 

7:35 

20.2 

1.00 

7:50 

. 

20.0 

55 

l.CO 

8:05 

0.-"^ 

20.0 

85 

1.00 

Run  H- 

3:45 

Zero 

4:30 

0.75 

77 

0.252 

5:30 

1.0 

16.7 

77 

.  ' 

1.25 

16.5 

77 

. 

7:45 

1.0 

16.6 

77 

0.2^2 

81 45 

1.0 

16.4 

77 

. 

9:45 

l.C 

15.5 

77 

10:30 

0.75 

15.6 

77 

. 

Run  H- 

133 

1?:40 

Zero 

1:10 

0.50 

20.0 

85 

. 

1:30 

o-33 

19.9 

85 

■ 

2:10 

85 

■ 

2:50 

0.67 

19.6 

85 

0.995 

3:30 

1Q.1 

85 

0.965 

4:10 

0.67 

18.6 

85 

0.960 

■5:10 

1.0 

V   .4 

85 

0.960 

Run  H- 

434 

8:15 

Zero 

9:00 

0.75 

10.8 

81 

0.9'5 

Q:45 

0.75 

1°.8 

81 

".""5 

10:15 

0.50 

10.5 

81 

0.985 

10:45 

0.50 

19.3 

81 

11:15 

0.50 

19.1 

81 

0.960 

11:45 

0.50 

81 

0.940 

Run  H- 

435 

4:00 

Zero 

5:00 

1.0 

18.2 

?3 

0.252 

6:00 

1.0 

16.9 

83 

":00 

1.0 

16.3 

83 

0.246 

8:00 

1.0 

16.1 

83 

0.240 

R    GAS 


A  . 
In. 

H20 


Temp. 
oF 


70  °j 

Atms . 


Totc.1 
Conv. 
Gas 


"oTT 


W~ 


Gas 


Dew 
Pt. 
°C 


"CFM 
70   °F 
Atms. 


art.    I  r<  1  sure 

for   AV-rra   jlr, 


TTTjO- 


CO2      N2 


Feed  Gas 


Air 
Lbs. 


02 

Lbs. 


£  O-i 
FecS 
Lbs. 


0.605 

o.'90 

. 

c.4 

76 

0.580 

0.580 

ll.l 

1.4 

21.0 

5.5 

76 

".545 

0.5*5 

11.0 

1.5 

1 

c.c 

76 

0.540 

O.<40 

11.5 

1.5 

. 

76 

o.r 

o.r55 

12.5 

1.5 

. 

. 

76 

0.' 

-.555 

14. C 

1.6 

. 

88 

21.  3 

5.6 

88 

. 

.1.0 

r. 

0.935 

0 .  969 

15.0 

1.4 

. 

. 

0.035 

o."69 

15. c 

1.4 

l.OO 

21.0 

5.7 

0.035 

0.969 

15.0 

1.4 

1.00 

21.  C 

r.7 

.935 

0.°69 

15.0 

1.4 

1.00 

21.0 

5.7 

88 

o.?35 

15.0 

1.4 

21.0 


0 

19 

82 

10 

649 

0."40 

0 

19 

82 

11 

C46 

0.332 

0 

19 

83 

11 

647 

0.326 

0 

19 

11 

641 

0.326 

0 

19 

94 

11 

636 

0.^26 

26.0 


0.034 

25 

110 

10 

615 

0.034 

25 

110 

10 

615 

0.1863 

0.034 

25 

110 

10 

61=)- 

C.1872 

n.034 

25 

110 

10 

615 

0.1872 

0.034 

25 

110 

10 

615 

0.1872 

0.340 

0.332 
0.326 
0.226 
0.326 


0.1863 
0.1872 

0.1872 

0.1872 


0.995 

21.0 

5   0 

86 

0.925 

C.959 

14.7 

1.6 

0.034 

26 

108 

12 

614 

. 

. 

t.      Q 

86 

C.025 

0.059 

14.  " 

1.6 

O.034 

26 

108 

12 

614 

0.279 

0.279 

. 

. 

5.9 

86 

1  .°2IT 

0.059 

14.9 

1.6 

. r     0.034 

26 

109 

12 

613 

0.279 

0.279 

0. 

21. C 

^.? 

86 

0.925 

0.059 

14.8 

1.6 

0.034 

26 

109 

12 

613 

0.279 

0.279 

. 

11.0 

1 

86 

0.925 

0.959 

14.3 

1.6 

0.034 

26 

109 

12 

613 

0.279 

0.279 

(o2) 

Lbs. 


0.1673 
O.I570 
'"•1  7- 
0.1736 
0.1 833 


C.1252 

0.1252 
0.1252 

0.1252 


0.995 

21.0 

. 

86 

•  °35 

O.069 

ir.5 

1.5 

.     34 

2* 

114 

11 

610 

l.CO 

21.0 

5.8 

86 

0.r-35 

0.969 

ir.5 

1.5 

O.O34 

25 

114 

11 

610 

0.2:1 

'0.281 

(  .1943 

l.oo 

21.0 

5.8 

86 

•    35 

0.O69 

lc.5 

1.5 

C  .0^4 

25 

114 

11 

610 

0.281 

0.281 

0.1943 

1.00 

21." 

r.° 

P6 
84 

"."-35 

"."35 

C.950 

0.969 
O.969 

0.984 

15.5 
15.5 

1.5 
1.5 

26 .  C 

0.034 
".034 

25 

2? 

114 
114 

11 

11 

■10 

10 

0.281 

.;■.  :.\:. 

.  "81 

0.1943 

c . 1 J4. 

:.00 

21  ■  C 

21. c 

r.9 

16.2 

1.4 

0.C34 

27 

1.00 

21.0 

5.9 

84 

0.950 

0.984 

16.2 

1.4 

0.034 

27 

119 

10 

60'' 

1.00 

21.0 

;  ,9 

84 

0.050 

0.984 

16.3 

1.4 

O.O34 

2" 

119 

10 

604 

...   :.l 

' .     1 

l.CO 

21. c 

5.9 

■  'A 

0.050 

0.984 

16.2 

1.4 

0.034 

27 

119 

10 

604 

0.281 

0.-    1 

0.~C6 

1.00 

21. C 

c.7 

4 

C950 

0.984 

16.2 

1.4 

0.034 

27 

119 

10 

604 

0 .  281 

.  .61 

0.206 

1.00 

21.0 
21. C 

5.8 

84 

76 

".050 

0.211 

0.084 
C.211 

16.5 
1.2 

1.4 
2.6 

27.0 

0.C34 
0 

27 
22 

120 
9 

10 

603 

0.281 
0.212 

0.281 
0.212 

0.206 

0.252 

19 

710 

0.C1CC 

C.252 

21. C 

5.2 

76 

0.211 

0.211 

1.5 

2.0 

24.0 

0 

22 

10 

17 

711 

0.283 

0.283 

0.C149 

C.252 

,  21.0 

5.  -1 

76 

0.211 

0.211 

1.3 

2.1 

0 

22 

10 

15 

713 

'.^54 

0.354 

0.0186 

. 

21. C 

5.? 

76 

0.211 

0.211 

1.6 

2.2 

0 

22 

11 

16 

711 

C.283 

0.283 

0.0164 

O.252 

21. C 

5.4 

76 

0.211 

0.211 

1.7 

2.2 

0 

22 

12 

16 

710 

C.283 

0.283 

0.C179 

0.240 

21.0 

4.5 

76 

0.204 

0.204 

3-1 

2.3 

24.0 

0 

22 

18 

17 

703 

0.270 

0.270 

0.0253 

0.240 

21.0 

5.3 

76 

0.204 

0.204 

4.9 

1.7 

0 

22 

30 

15 

693 

0.202 

0.202 

O.C324 

0.995 

21.0 

5 

5 

0.90 

O.034 

12.5 

1.4 

0.034 

27 

92 

10 

631 

o.^60 

0.560 

0.302 

c.9°5 

21.o 

85 

0.90 

".934 

13.0 

1.4 

0.034 

27 

94 

10 

629 

0.373 

0.373 

0.206 

0.995 

21.0 

- 

85 

0.90 

0.934 

• 

1.4 

0.034 

27 

96 

10 

627 

0.-7.4 -7 

0.747 

0.421 

0.995 

21.0 

c   a 

85 

.    1 

0.044 

13.9 

1.3 

27.0 

0.034 

27 

99 

10 

624 

0.747 

0.747 

0.439 

0.985 

21.0 

5.8 

85 

r.  -2 

0.954 

14.5 

1-3 

.034 

27 

104 

10 

619 

0.738 

0.738 

0.466 

0.960 

21.0 

85 

.895 

0.929 

15.5 

1.3 

0.034 

27 

DO 

10 

613 

0.720 

0.720 

0.480 

O.96O' 

21. C 

r!° 

85 

0.920 

0.954 

18.0 

1.3 

0.034 

27 

123 

10 

600 

1.078 

1.078 

0.827 

C.9':<5 

21.0 

. 

81. 

0.935 

C?69 

17.0 

1.3 

0.034 

25 

125 

10 

600 

0.838 

O.838 

0.640 

21.0 

. 

81 

0.971 

17.5 

1.3 

26.0 

c<.oy> 

25 

127 

10 

598 

0.838 

0.838 

0.652 

r  .  98  5 

21.0 

5.9 

81 

0.935 

".971 

18.2 

1.3 

0.036 

25 

131 

;o 

594 

0.553 
0.548 

0.553 

0.448 

0.975 

21.0 

5.9 

81 

0.025 

C.059 

1!  . 

1.3 

0.034 

25 

135 

10 

590 

0.548 

0.455 

C.960 

21.0 

6.0 

81 

".?20 

0.954 

19.0 

1.3 

'  .034 

25 

138 

10 

567 

0.539 

C539 

0.464 

0.940 

21.0 

6.0 

81 

0.900 

0.933 

10.3 

1.3 

0.033 

25 

141 

10 

584 

0.527 

0.527 

0.465 

. 

21.0 

6.7 

82 

0.210 

0.210 

4.0 

1.8 

0 

24 

26 

13 

697 

0.283 

0.283 

0.0384 

. 

21.0 

5.7 

82 

0.210 

0.210 

6.2 

1.9 

0 

24 

38 

14 

684 

0.283 

0.283 

0.0562 

0.246 

21.0 

5.7 

82 

0.220 

0.220 

12.2 

1.8 

25.0 

0 

24 

68 

14 

654 

0.277 

0.277 

0.105^ 

. 

21.0 

V 

82 

C.225 

0.225 

15.0 

1.5 

0 

24 

100 

12 

624 

0.270 

0.270 

0.1581 

Run  H-4- 

;6 

1:15 

Zero 

0" 

/\     rtOC 

2:15 

° .  50 

0.50 

"   f?0. 1 
19.8 

85 

c.995 

2:45 

19.7 

85 

0.985 

3:15 

0.50 

19.7 

85 

0.960 

3:45 

o.5o 

18.9 

85 

0.^60 

4:15 

0.50 

19.2 

«5 

0.960 

Run  H-437 

10:45 

^ero 

11:45 

1.0 

79 

0.252 

12:45 

1.0 

79 

0 .  HO 

1:30 

0.75 

79 

.        1 

2:15 

0.75 

79 

0.234 

2:45 

0.50 

1'  .0 

79 

0.234 

?       «rrt3 


0.995 
0.985 
C .  960 
0.960 
C960 


21.0 
21.0 
21.0 
21.0 
21.0 


b 

6.1 
5.5 
5.9 


0.2*2  21.0  5.0 

P. 240  21.0  5.2 

°-',34  21.0  5.2 

0.?34  21.0  5-3 

•  21.0  5.2 


-84- 
A 
84 
84 
84 
84 


78 
78 
78 
78 
78 


^.035 
0.950 
0.950 
0.935 
0.935 
0.935 


0.218 

0.204 
0.204 
0.212 
C.218 


C.972 
0.982 
0.984 
0.071 
0.968 
0.969 


P.  218 
0.204 
0.204 
0.912 
0.218 


If  .4 
17.6 
18.2 

18.8 
19.1 
1Q.7 


5.0 
7.1 

10.4 
13.6 
15.0 


3     25. c 


1.7 
1.7 
1.7 
1.6 
1.5 


23.O 


24.0 


0.037 
0.032 
0.034 
0.036 
0.033 
0.034 


24 
24 
24 
24 
24 
24 


22 
22 
22 

22 
22 


119 
125 
132 
136 
140 
143 


10 
10 
10 
10 
10 
10 


35 

13 

47 

11 

67 

13 

88 

1? 

106 

11 

601 
594 
590 
586 
583 


690 
678 
658 
638 
621 


O-.553 
0.559 

0.^53 

0.540 


'^40 
540 


0.283 
0.270 
0.198 
0.198 
0.132 


0.553 

0.559    ■ 

0.553 

0.540 

0.540 

0.540 

0.407 

0.432 
0.457 

0.465 

0.473 

0.488 

0.983 
0.  70 
0.198 
0.198 
0.132 

0.0537 
0.0'>75 
0.0721 
0.0985 
0.0813 

-  CONTINUED 


!ER  AT 


Converter  Ga  = 


0, 
C02 


Lbs 


Out 


KITRCGaM 
BALANCE 


In 
Lbn. 


Out 
Lbs. 


POUND   OF   OXYGEH 
PER   POUND   CF   ASPHALT 


Feed 


In 


Converter  G;: 


o2 

Gas 
Cut 


$.  Ci- 


Out 


REACTOR    ASPHALT 


React.      Feed      i rod . 
\Vt.  Lbs.      Lb?. 

Lbs. 


RESI DEUCE   TIME 


As]  h.      Feed 
Hrs.       Gas 
CFMT 


Numb?rs 


Feed 


Ppt.       Prod. 


SAMPLES 


Ppt.      Ppt. 
H20        Oil 


Analysis 


i     h. 
Pen.       RSB 
oF 


H20 

\cid 
No. 


Oil 

Acid 
No. 


0.0181+ 
0.0182 
0.0180 

0.0186 
0.0186 


o.o>+50 
0.0626 
0.0666 
0.0C26 
0.05>+8 


0.011?  0.011+2  0.023>+ 

0.0115  0.01^2  0.027^ 

0.011?  0.0142  0.0176 

0.011?  0.01>+2  0.0136 


0.2522  1.119  1.160  0.0286  0.0141 

0.2531  1.090  1.078  0.0287  0.0135 

0.2632  1.072  1.077  0.0289  0.0139 

0.2765  1.072  1.097  0.0296  0.0153 

0.278>+  1.072  1.088  0.0303  0.0173 


0.0C942  0.00632 

0.00928  0.00620 

0.00981  0.00656 

0.00942  0.00629 


0.17l+3 

0.613     0.612 

0.1783 

0.616     0.612 

0.1685 

0.616     0.612 

0.161+5 

O.616     0.612 

0.0212 
0.0218 
0.0233 
0.0251 
0.0263 


0.00882 
0.00882 
0.00882 
0.00627 


11.9 
11.6 

11.3 
11.0 
10-.  6 


19.6 

19.7 
19.8 

20. 2 
19.1 
19.9 


0 

o.5 
1.0 

1.5 

2.0 

2.5 


20.0   Blowing  Batch 


r.25 

3.0 
-'.75 
3.75 
3.?  5 

3.^5 


4.25 

3.1 

3.31 

4.19 

2.75 

4.1 


0.88 

0.90 
0.S3 
1.02 


102.  C 
102  .C 
103.0 

105.  C 

109.0 


100  . 0 

Qo.C 

105.0 

101.0 


P4.27-3 

H427-3 

23 

6 

Soft 

£7.0 

9.2 

H427-C 

32 

19 

225 

102.0 

P4?"-D 

H427-D 

34 

20 

8S 

124.0 

Q.6 

P4-27-S 

H427-E 

32 

19 

43 

152.7 

10.8 

P427-F 

H427-F 
H428-B 

28 

21 

25 

Soft 

202.0 
95.0 

11.3 

Zero 

H426-C 

Soft 

92.5 

P42S-D 

H428-D 

12 

9 

Soft 

91.0 

15.6 

P428-E 

H428-E 

14 

12 

Soft 

90. 5 

17.8 

P42c-F 

H428-F 

9 

8 

Soft 

90.0 

1-428-G 

H428-G 

7 

Soft 

88.5 

20.0   Blowing  Batch 


0.0205  0.0220  0.0352 

0.0205  C.0220  o.on2 

C.0205  0.0220  0.0'.12 

0.0205  0.0220  0.025!+ 


0.2600  0.919 

0.2579  0.919 

0.2579  0.919 

0.2521  0.919 


0.O07  0.01410  0.00922 

0.907  0.01430  0.00945 

0.907  0.01438  0.00950 

0.907  C. 01430  0.00945 


0.01312 
0.01322 
0.01329 
0.01293 


19.4 

1  .  ' 
19.5 
19.4 
1   .5 


2.75 
3-25 

2.75 
3.25 


.06 

.88 
.56 
.31 


1.80 
1.50 
3.7: 
1.50 


100.0 

102.0 

103. C 

102. C 


Zero 

H42'i-B 

Soft 

96.5 

P429-C 

H429-C 

18 

15 

Soft 

98.0 

12.7 

P420-D 

H4    3-D 

16 

10 

Soft 

9c.  5 

13.0 

H429-E 

16 

17 

Soft 

98.0 

12.7 

H429-F 

13 

13 

Soft 

99 . 5 

12.6 

0.01898  0.021!+  0.0332 
0.01808  0.021W  0.025!+ 
0.01898       0.0211+        0.0271+ 


0.2679      0.923  O.'IO 

0.2601       O.923  0.110 

0.2621      0.9°3  0.010 

'-'.20.1  f    0.923  C.    JO 


0.0175  0.0211+ 

0.0175  0.02^1+ 

0.0175  0.0231+ 

e.0175  0.0231+ 


0.0122 
C .  0161+ 
0.0201+ 
0161+ 
0161+ 


0 
0 

0.0158 
0.0118 


0.01+1+1+ 
0.0296 
0.0592 

0.0598 

0.0t>0l+ 
0.0C68 
0.0908 


0.061+1+ 
0.061+1+ 
0.0>+30 
0.01+21+ 
0. 01+22 
0.01+11+ 


0.0191  0.0178 

£•0205  0.0178 

£•0215  0.0186 

L.01v9  0.0190 


0.0216 
0.0216 
0.0196 
0.0176 


,0586 
,1076 
.1936 
,1506 
1370 
,1272 
.0681+ 


0.1662 
0.0528 
0.1310 
0.1036 
0.1036 
0.0900 
0.0880 


0.0626 
0.0508 
0.0332 
0.0212 
0.0196 
0.0118 


0.0291+ 
0.0782 
0.0721+ 
0.0508 


0.2685  0.924  0.915 

C.2685  0.924  0.915 

0.2665  0.924  0.915 

0.261+5  '  0.^24  0.    15 


0,r1430  0.00992 

0.01398  0.00967 

0.01411  0.00977 

C.0142C  l:.'X.-2 


0.1022 
0.161+1+ 
0.2607 
0.2071+ 
0.1953 
0.1936 
O.1289 


0.51+58 

0.3105 
0.6555 

O.bl+72 

0.6752 
0.6728 
1.0736 


,8168 
,8170 
,5571+ 

,56l>+ 

■  5585 
,5502 


0.101+7 
0.1727 
O.2I77 
0.21+68 


0.931 
1.163 
0.931 
0.931 
0.887 
. 


1.830 
1.225 
2.450 
2.450 
2.430 
2.365 
3.550 


750 
750 
,820 
,802 
^75 

740 


0.692 

1.157 
O.923 
0.  >23 

0.883 
0.652 


1.202 
2.400 
2.410 
2.410 
•%330 
3.530 


1.690 

2.680 
1.775 
1.742 
1.728 
1.675 


0.933  0.900 

0.933  C.884 

0.911  0.8  7 

0.886  c. 


0.013  "-8 
0.01412 
0.01392 
0.01405 


0.01065 

C. 01442 

0.01 

0.01491 

0.01515 

0.01470 

0.01122 


0.0284 

.     I 

. 
0.0404 
0.0406 
0.0404 
0.0623 


0.0421 
C.0427 
0.0287 
0.0290 
0.0290 
0.0293 


0.C144 

CC146 
0.0144 
CCI43 


0.01025 
0.01034 
0.01020 

0.01030 


C.  000  50 
0.00076 
0.00096 
0.00036 
0.00096 
141 
0.00180 


.  I 
0.0223 
0.0237 
0.0256 
0.0269 
0.0478 


,0321 
.0333 
.0233 
.0241 
0249 
0258 


0.00195 

0.C0290 
0.00549 
0.00837 


0.01368 

C . 0129W 

0.01318 
.0.01322 


0.01332 
0.013!+8 
0.01320 
0.01322 


0.00513 
0.00838 
0.01353 
0.01090 

■0.010M+ 
0.01052 
0.00717 


0.02770 
0.01605 
0.03^70 
0.03500 
0.03710 
0.03780 
0.06210 


O.Ol+ll 
0. 01+17 
0.0289 
0.0297 
0.0300 
0.0305 


0.00531 
0.00890 

0.01131+ 
0.01307 


10.5 
19.8 
l".r 
1    . 
20.1 

1    . 


Blowing  Batch 


20.3 
20.1 
19.9 
20.2 
20.0 


20.0 
lr  .9 

. 
19.3 
19.0 
IS.  7 
18.4 


1°. ? 
19.3 

r  .9 

1"  3 

17-3 


20.0 

lc.9 
1'  . 
19.3 
18.9 

. 
1    . 


2C.0 
19.7 

19.4 
19.2 

1  . 


2.0 
2.1 
1.9 

2.0 


.62 
.12 
•  31 
.81 
.-1 


34 
65 

49 
47 


19.3   Blowing  Batch 


1.12 
1.25 
1.19 

. 
1.0 


2.41 
3.38 
3.32 
2.97 

2.°5 


0 

0.75 
1.75 
3.0 

4.0 

5.0 
6.0 
6.75 


0 
C.50 
O.83 
1.50 
2.17 
2.84 
3.50 
4.50 


0 
0.75 

1.50 

2.0 

2.50 

3.0 

3.50 


0 
1.0 
2.0 
3.0 
4.0 


102.0 
100.  C 
100.0 
101.0 


9a  0 
99.0 

100.0 
99.0 

100.0 


25, 
25. 
26. 
26 
26 
26 


26.6 


101.0 
103. 0 

105. C 
107.0 
108.  C 
108.0 
111.0 


100 

101 

102, 

103, 

103, 

104, 


25.6 
26.0 
25.6 
25.4 


Zero 

H430-B 

99 

122.0 

P430-C 

H430-C 

17 

11 

100 

122.5 

14.0 

P43C-D 

H430-D 

13 

13 

95 

125.0 

12.9 

P43C-E 

i  4JC-i- 

H430-E 

H4jZ    r 

14 

14 

14 

96 
lOu 

124.0 

13.4 

i  ».<i 

Zero 

H431-B 

56 

147.0 

P431-C 

H431-C 

11 

16 

56 

150.5 

P431 

-D 

H431-D 

11 

14 

56 

151.5 

P431 

-E 

H431-E 

10 

13 

57 

148.0 

15.1 

P431 

-F 

H431-F 

9 

13 

55 

152.0 

P432 

-3 

H432-B 

30 

15 

Soft 

78.0 

12.3 

P4V 

-C 

H432-C 

55 

31 

Soft 

87.0 

9.0 

P432 

-0 

H432-D 

99 

40 

198 

100.5 

3.1 

P43: 

H432-E 

77 

29 

69 

119.0 

P432 

-:-' 

H432-F 

70 

38 

31 

142.0 

9.5 

i-432 

-G 

H432-G 

65 

30 

20 

171.0 

10.6 

P432 

-H 

H43.--H 

35 

26 

11 

19n.O 

10.9 

P433-B 

H433-3 

'■'5 

27 

Soft 

79.5 

3.8 

P433-C 

H433-C 

27 

34 

Soft 

84.5 

8.3 

P413-J 

H433-D 

67 

83 

212 

99.5 

9.4 

P433-^ 

H433-E 

53 

66 

70 

119.0 

9.3 

P433-F 

H431-F 

53 

79 

29 

143.5 

10.5 

1-4"     -G 

H433-G 

46 

68 

21 

174.0 

11.2 

a 

H433-H 

45 

88 

10 

212.0 

10.7 

P434 

B 

R434-B 

32 

88 

65 

128.0 

14.9 

P43^ 

C 

H434-C 

26 

77 

3? 

148.0 

9.1 

P434 

D 

K434-D 

17 

43 

26 

165.0 

9.8 

P4  34- 

E 

H434-E 

16 

3Z 

20 

180.0 

10.0 

P4^4-F 

H434-F 

10 

28 

19 

196.0 

P434-G 

K434-G 

6 

25 

17 

212. C 

F4-r-3 

H435-3 

0 

15 

71 

125.0 

P435-C 

H435-C 

25 

40 

34 

154.0 

11.3 

p^-D 

K43c-D 

33 

37 

22 

162.0 

10.4 

P435- 

E 

K4~5-E 

26 

28 

18 

210.0 

10.9 

.03*9 
.0350 

.0344 


0.      03 

r.0085 


O.CA-10 
O.OVlV 
0.0W16 
O.OVlO 
0.0V08 
0.0V08 


0170 

,0158 
,0118 
,012V 

,008V 


0.0216 
0.0528 
O.OV9O 
O.OVlO 
O.OV3O 
0.0312 


0.0176 
0.072V 
O.O23V 
0.0196 
0.0118 


0.50V1 
0.5611 
0.5826 
0.5815 
0.5912 
0.580V 


0.108V 
0.17V5 
0.1215 
C.lWl 
0.1100 


1.820 

1.838 
1.820 

1.773 

1.7^3 
• 


0.930 

. 
C.649 
0.649 
0.432 


1.915 
1.  20 
1.800 
I.763 
1.750 
1.74C 


C.927 

0 .  :  20 
0.629 


0.0278 
0.0285 
C.C287 
O.C283 
r ,C287 
0.0293 


0.014? 
O.CI37 
IC2 
0.C103 
O.OO695 


C.0201; 
0.C220 

0.0237 

0.0244 

0.0265 


O.OO,:"1 

0.00343 

0.00372 

0.00513 

0.00428 


0.0253 
0.0286 
0.0302 
0.030V 
0.031V 
0.0315 


0.005V5 
0.00886 
0.00627 
0.00751 
0.00579 


20.0 
19.° 
1  .6 
19.3 
19.1 
18.8 
18.4 


20.0 
1'  .9 
19.7 
1  1.4 
19.2 
19.0 


0 

0.5 

99.0 

1.0 

102.0 

1.5 

1C2.0 

2.0 

100.0 

2.? 

102.0 

3.0 

104.0 

0 

1.0 

2r.  3 

2.0 

2A~.A 

".75 

24 . 1 

3.50 

24.4 

4.0 

24.7 

H436-A 


H437-A 


P436-3  K436-B 

P436TLC  K436-C 

-S  H436-E 

-F  H43   -F 


Zero 


H437-B 
H437-C 
H437-D 
Hi37-E 
H437-P 


1? 
25 
20 
14 
7 


P436-G     H436-G         7  16 


37 
12 
10 


11 

74 

131.5 

27 

49 

24 

->A 

175.5 

21 

29 

197.0 

22 

24 

213.0 
226.0 

16 

21 

176 

107.5 

65 

135.0 

2 

34 

174.0 

12 

25 

207.0 

7 

20 

232.0 

6 

20 

242.0 

14.0 

9.8 
8.8 


TABLE      XVI 


TIME 

FEED  GAS 

CONVERTER   GAS 

OXYGEN 

BALANCE 

Air 

Oxygen 

Analysis   Gas 

Ave.   Part.   Pressure 

for  AT-nm  Hr 

Feed  Gas 

AT 

CFI, 

AP          Si      .      CFM. 
In.             F.         70     F. 

Atms. 

Total 

Feed 

CFM 

o2  % 

A  P 

In. 

HpO 

Temr. 
°F. 

CFM 
70  °F. 
Atms . 

Total 

Conv. 
Gas 

02  %     CO?     Dew 
%'     It. 

°c. 

CFM 
70   °F. 

Atms. 

H20     0t        C02     Np 

°? 

Air 

Lbs. 

02 

°2 
Lbs. 

£  Op 

Feed 

Lbs. 

02 
(02) 
Lbs. 

Ron  E-438 

5:15 
5:35 

5:55 

6:15 
6:35 


Zero 

0.33 

0.33 
0.33 
0.33 
0.33 


20.1 

19.6 

lr-.4 

19.8 


83 

83 

83 
83 


0.62 
0.62 
0.61 
0.61 
0.60 


22.2 
21.9 
21.0 
21.0 
21.3 


83 

83 
83 
83 
83 


0.384 
C.384 
0.381 
O.381 
O.380 


1,004 
1.004 
0,991 
0.991 
0.980 


50 

50 
50 

50 

50 


5.8 
6.0 
6.0 
6.1 
6.1 


82 
82 
82 
82 
82 


C.90 
0.95 
0.94 
0.97 
O.96 


0.934 
0.984 
0.974 
1.C04 
0.994 


43.0 
46.0 
47.0 
47.3 
47.7 


0.5 

0.2 

0.3 
0.4 

0.3 


25.5 
27.0 


0.034 
0.034 
0.034 
0.034 
0.034 


26 

26 
26 
26 

26 


311 
327 

342 
347 
350 


419 

404 
390 

384 
381 


0.232 
0.232 
0.228 
0.228 
0.225 


0.685 
0.685 
0.680 
0.680 
O.678 


0.917 
0.917 
0.908 
0.908 
0.903 


0.681 

0.755 
0.782 

0.813 
0.817 


Run  H-439 


9:30 
9:50 
10:10 
10:30 
10:50 
11:10 

Run  H440 
3:25 
3:55 
4:25 
4:55 
5:2r 
5:55 
6:25 

Run  H441 
7:45 
8:35 
9:?^ 

11:05 
llt45 


Zero 
0.33 
0.33 
0.33 
O.13 
0.33 


Zero 
0.50 
0.50 
0.50 
0.50 
0.50 
0.50 


Zero 
O.63 
0.83 
0.83 
0.83 
0.67 


20.1 

19.7 
19.4 
19.1 
19.0 


20.0 
19.4 
19.3 
19.2 
19.1 
19.0 


21.0 
20.7 
21.0 
20.5 
20.2 


80 
80 
80 
80 
80 


81 
81 
81 
81 
81 
81 


80 
80 
80 
80 
80 


0.61 
0.60 
0.60 
0.59 
0.58 


0.62 
0.60 
0.60 
0.60 
0.59 
0.58 


0.81 
0.79 
0.81 
0.78 
0.77 


22.4  83 
21.3  83 

21.5  83 
21.1  83 
21.0  83 


21.5 

20.9 
20.7 

20.5 
20.3 
20.2 


21.7 
21.3 
21.7 
21.2 
20.9 


80 
80 
80 
80 
80 


80 
80 
80 
80 
80 


0.396 
O.38I 
0.181 

0.373 
0.364 


0.381 
0.373 
0.373 
0.373 
0.364 
O.364 


0.184 
0.181 
0.183 
0.174 
0.174 


1.006 

0.981 
0.981 
0.963 
0.944 


1.001 
0.973 
0.973 
0.973 
0.954 
0.944 


0.994 
0.971 
0.993 
0.954 
0.944 


50 
50 
50 
50 
50 


50 
50 
50 
50 
50 
50 


35 
35 
35 
35 
35 


6.0  78 

6.0  78 

6.0  78 

5.9  78 

6.0  78 


5.9 
5.9 
6.0 
5.9 
5.9 


80 
80 
80 
80 
80 
80 


80 
80 
80 
80 
80 


0.88 
0.89 
0.93 
0.92 
0.91 


0.79 
0.79 
0.61 
0.84 
0.87 
O.89 


0.90 
O.89 
0.93 
0.92 
0.92 


0.914 
0.924 
0.964 
0.954 
0.944 


0.824 
0.824 
0.844 
0.874 
0.904 
0.924 


0.934 
0.924 
0.964 
0.954 
0.954 


42.0 
44.1 
46.8 
47.5 
48.2 


34.5 
36.8 
39.9 

43.0 

46.2 

47.7 


27.8 

29.3 
30.4 

31.5 
32.2 


1.4 

0.8 
0.7 
o.5 
0.4 


1.2 
1.2 
1.2 
1.0 

C.7 
0.6 


1.3 
1.5 
1.5 
1.5 
1.3 


27.0 


26. c 


25. c 


0.034 
0.034 
0.034 
0.034 
0.034 


0.034 
0.034 

0.034 
0.034 
0.034 
0.034 


0.034 
0.034 
0.034 
0.034 
0.034 


27  302  10 

27  317  8 

27  334  6 

27  346  4 

27  351  3 


25 

25 
25 
25 
25 
25 


24 
24 
24 
24 
24 


253 
261 
283 
304 
328 
345 


20  s;  10 

213  10 

223  11 

231  11 

237  10 


421 
408 

393 
383 
379 


473 
465 
443 
423 

401 

385 


521 

513 
502 
494 
489 


0.228 
0.225 
0.225 
0.221 
0.217 


,348 
-337 
337 
337 
331 
326 


0.758 

0.740 
0.758 
0.731 
0.577 


0.707 
0.680 
0.680 
0.665 
0.650 


1.018 
0.997 
0.997 
0.997 
0.971 
0.971 


0.820 
0.807 
0.815 
0.775 
0.621 


0.935 
0.905 
0.905 
0.886 
O.867 


1.366 
1.334 
1.334 
1.334 
1.^02 
1.297 


1.578 
1.547 
1.573 
1 .  506 
1.198 


0.650 
0.689 
0.758 
0.778 
0.780 


0.735 
0,757 

0.840 

0.935 

1.042 
1.120 


1.124 

1.156 
1.265 
1.293 
1.062 


• 


. 

. 

■ 

- 


10 

11] 
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CONTINUED 


PER  A  T 


Converter  Gas 


c8? 

Lbs. 


(H26> 

Lbs. 


(H26\) 
Lbs. 


i.  02 

02 

Out 


NITROGEN 
BALANCE 


N2  N2 

In  Out 

Lbs.        Lbs. 


POUND  OF   OXYGEN 
PER   POUND  OF   dSPHALT 


REACTOR   ASPHALT 


Feed 


02 
In 


Converter  Gas 


?2 

Gas 

Out 


ACC. 

Out 


React. 

v;t. 

Lbs. 


Feed 
Lbs. 


Prod. 
Lbs. 


RESIDENCE  TIME 


Asph.  Feed 
Hrs.   Gas 
CFKT 


SAMPLES 


Numbers 


Feed 


Ppt. 


Prod. 


Analysis 


Ppt.   Ppt.   Asph.   Asph.   H20   Oil 
H20   Oil   Pen.   y  B  Acid  Acid 
cc.   gm.  °F.   No.   No. 


0.0088 
0.0070 
0.0046 
0.0071 
O.O071 


0.0?17 
0.017? 
0.0137 

0 .  0091 

0.0067 


0.0263 
C.0263 
0.0269 
0.0248 
0.0192 
0.0164 


0.05"; 

0.055 
0.062 

0.046 


0.0300 

o.ouv 
0.0312 
0.0320 

O.OjlS 


0.0302 
0.0306 
0.0320 
0.0316 
0.0311+ 


. 
0.0360 
0.0388 

O.oi+02 

0.01*16 

0.0>+26 


0.066 
0.06V 
0.068 
0.0C8 
0.051+ 


o.oi  3>+ 
0.0626 
o.oi+6>t 
0.078& 

0.0626 


0.01+90 
0.0860 
0.0372 
0.0^50 
0.0372 


0.0701+ 
0.06&1+ 
0.0588 
0.0528 
0.0352 


0.21+82 
0.2208 
0.23M+ 
0.2150 
0.1956 


0.108 
0.101+ 
0.100 
C.060 
0.036 


0.0176 
0.0U90 
0.0586 
0.0508 
0.0606 
0.031V 


C.7688 
0.&7>+9 

0.6931 


0.7723 

0.752 

0.8055 

0.739 

0.8625 

0.739 

0.8715 

0.727 

0.6533 

0.715 

I.OV75 

1.143 

1.0V21 

1.108 

1.1V01 

1.108 

1.2150 

1.108 

1 .  ?98>+ 

I.O89 

l.31*50 

1.071 

1.353 
1.379 
1.V97 
1.1+83 
1.196 


0.5971 

O.6I+69 
0.5031 
0.8659 
0.7037 


0.763  0.805 

0.763  0.817 

0.752  0.780 

0.752  0.788 

0.739  0.778 


0.789 
0.773 
0.777 
0.748 
0.733 


1.200 
1.180 
1.150 
1.138 
1.112 
1.094 


2.490  2.49 

2.430  2.43 

2.490  2.48 

2.400  2.41 

1.900  1.91 


0.0460 
0.0467 
0.0473 
0.0483 
0.0493 


0.0470 
0.0467 
0.0476 
0.0473 
0.0473 


0.0511 
0.0508 
0.0516 
0.0524 
0.0518 
0.0531 


0.0785 
0.0778 
0.0798 
0.0780 
0.0627 


0.0342 
0.0385 
0.04C7 

0.0433 

0.0446 


0.0326 
0.0355 
0.0399 
0.0416 
0.0427 


0.0370 
0.0386 

0.0435 

0.0492 
0.0558 
0.C612 


0.0559 
0.0581 
0.0643 
0.0670 
0.0557 


.  ] 


0.0386 
O.0M+8 
0.0M+5 
O.01+77 
0. 01+68 


O.O388 
0.C415 
o.oi+5l+ 
0. 01+67 
0. 01+67 


0.0526 
0.0532 
0.0592 

0.061+0 

0.0683 
0.0735 


0.0673 
0.0693 
0.0760 
0.0768 
0.0627 


0.0301 
0.0323 
0.0336 
O.O263 
0.01+61 
0.0381 


20.0 
19. 9 
19.6 
19.2 

1'  . 
18. 3 


20.0 
1°.9 
19.4 
19.0 
18.7 
18.3 


20.0 
19.9 
19.6 
19.3 
lo.O 
18.7 
18.3 


20, 
20, 
19, 
19. 
19, 
19, 


0 

0.33 

100 

P438-B 

H438-B 

25 

2 

55 

147.0 

0.67 

102 

P438-C 

H438-C 

44 

21 

32 

180.5 

1.00 

103 

P438-D 

H438-D 

19 

16 

27 

211.0 

1.33 

105 

P438-E 

H438-E 

23 

15 

22 

232.0 

1.67 

107 

P4;;  -F 

H438-F 

19 

13 

20 

249.0 

0 

H439-A 

Soft 

0.3,3 

100 

P439-B 

H439-B 

36 

6C 

82 

99.5 

11.9 

O.67 

101 

P4  3    -C 

H439-C 

35 

58 

39 

122.0 

10.7 

1.00 

103 

P439-D 

H439-D 

30 

39 

27 

140.0 

10.1 

1.33 

103 

P4  39-E 

H439-E 

27 

41 

19 

173.0 

11.0 

I.67 

103   . 

P439-F 

H439-F 

18 

19 

18 

200.0 
215.0 

10.8 

0 

H440-A 

0.50 

100 

P440-B 

H440-B 

127 

75 

Soft 

85.0 

11.1 

1.00 

99 

P440-C 

H440-C 

113 

99 

102 

11?. 5 

11.4 

1.50 

100 

P440-D 

H440-D 

99 

29 

147.5 

12.9 

2.00 

102 

H440-E 

16 

194.0 

2.50 

102 

P44C-F 

H440-F 

42 

11 

231.O 

3.00 

103 

P440-G 

H440-G 

0 

66 

10 

252.0 

0 
O.83 

99 

P441-B 

H441-B 

55 

33 

Soft 

86.0 

1.67 

98 

P441-C 

H441-C 

53 

161 

11.5 

2.50 

100 

P441-D 

H441-D 

51 

26 

64 

143.5 

3.33 

99 

P441-E 

H441-E 

31 

27 

39 

178.0 

4.00 

99 

P441-F 

H441-F 

18 

0 

13 
0 

32 

208.0 

100 

1.33 

. 

24 

31 

41 

44 

27 

. 

APPENDIX  C 
CALIBRATION  CURVES 
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TABLE  17 

AIR  FEED  ROTAMETER  CALIBRATION  DATA 

SCHtlTTE  AND  KOERTINO   3F  TUBE  WITH  MODIFIED 
ALUMINUM  FLOAT  NUMBER  2 


Rotameter  Scale 

Air  Flow  Rate 

Reading 

CFM  a  70 

"F.  and  1  Atm. 

0 

0.107 

5 

0.142 

10 

0.175 

15 

0.206 

20 

0.241 

25 

0.270 

30 

0.298 

59 

0.505 

90 

0.735 

120 

0.964 

149 

1.187 

180 

1.443 

210 

1.672 

242 

1.952 

■  104- 


TABLE  18 

CONVERTER  GAS  ROTAMETER  CALIBRATION  DATA 

SCHUTTE  AND  KOERTING  3F  TUBE  WITH  MODIFIED 
ALUMINUM  FLOAT  NUMBER  1 


Rotameter  Scale 

Air  Flow  Rate 
CFM  ®  70  ^.  and  1  Atm. 

Reading 

1 

0.135 

7 

0.180 

15 

0.232 

20 

0.272 

25 

0.308 

30 

0.350 

59 

0.575 

90 

0.830 

118 

1.065 

149 

1.324 

181 

1.595 

209 

1.848 

242 

2.130 

-105- 

TABLE  19 

OXYGEN  FEED  ROTAMETER  CALIBRATION  DATA 

SCHOTTE  AND  KOERTING  1R  TOBE  WITH 

STAINLESS  STEEL  ROTOR 

Rotameter  Scale             Air  Flow  Rate 

Reading             CFM  *  70  °F.  and  1  Atm. 

6                    0.034 

30                    0.066 
60                    °-106 

100                    °-165 

144                    °-239 

190                    0.317 

211                    0.353 

239                    0.397 

TABLE  20 

GAS  ANALYSIS  ROTAMETER  CALIBRATION  DATA 

FISHER  AND  PORTER  TUBE  NUMBER  01-N-15A  WITH 

PYREX  AND  STAINLESS  STEEL  FLOATS 

Rotameter  Scale  Reading 

Air  Flow  Rate 
CFM  8  70  °F.  and  1  Atffl. 

at  Center  of  Floats 

Stainless 

Pyrex 

Steel 

11 

4 

0.0104 

20 

9.5 

0.0213 

28 

14 

0.0311 

37 

19.5 

0.0452 

39 

20 

0.0472 

50 
60 

27 

0.0635 

35 

0.0811 

67 

39 

0.0922 
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Figure  27 

.     Air  Feed  Rotameter  Calibration  Currs,   Schutte  and  Koertlng 

3F  Tube  and  Number  2  Aluminum  Float 
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Figure  28.  Oxygen  Feed  Rotameter  Calibration  Curve,  Schutte  and  Koerting 
1R  Tube  and  Stainless  Steel  Float 
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Figure  29.     Converter  Gas  Rotameter  Calibration  Curve,   Schutte  and 

Koertlng  3F  Tube  and  Number  1  Aluminum  Float 

■109- 


0.10 


0.08 


*• 


0.06  - 


Stainless  Steel 
Float 


Glass 
Float 


*>  0.04 


°     0.02 


10 


20       30       40 
Rotameter  Scale  Reading 


50 


Figure  30.     Gas  Analysis  Rotameter  Calibration  Curve,  Fisher  and  Porter 
01-N-15A  Tube  with  Pyrex  Glass  and  Stainless  Steel  Floats 
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